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ABSTRACT 


The discovery of numerous Upper Pennsylvanian age 
specimens of Callistophyton poroxylotdes and abundant 
material of a previously unrecognized Middle Pennsylvanian 
age Calltstophyton provides the basis for an examination 
of the vegetative features of the Callistophytaceae. The 
structure and anatomy of the stems, buds, branches and 
leaves are elaborated, and roots are described for the 
first time. Emphasis is placed on the specific identity of 
material from different stratigraphic and geographic 
locations, and developmental features of the plant organs 
are interpreted. Material previously described as 
Poroxylon boyssettt, Poroxylon edwardsti and Calamopitys 
kansanum is reexamined and found to be specifically equiv- 
alent to the Middle Pennsylvanian Calltstophyton. Amended 
diagnoses are provided for the genus Callistophyton, for 
C. poroxyloides, and for the new combination, CC. boyssetit. 
The relationships of the Callistophytaceae are interpreted 
in relation to both vegetative and fertile structures of 
the family, and implications to the currently recognized 
Be Radars of gymnosperms are discussed. A reconstruction 


of Catitetophyton is also included. 
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INTRODUCTION 


Calltstophyton poroxylotdes Delevoryas and Morgan 
(1954) is one of the most recently discovered of Pennsyl- 
vanian age pteridosperms. Nevertheless, it is represented 
by both vegetative and fertile parts and is rapidly emerg-~ 
ing as one of the best known Paleozoic plants. Since the 
original description of the stems, buds and leaves 
(Delevoryas and Morgan, 1954) our knowledge of the plant 
has been augmented by the discovery of a well-preserved 
stem apex witn immature leaves (Delevoryas, 1956), and by 
the description of pollen organs attached to the fronds 
(Stidd and Hall, 1970a). On the basis of association and 
anatomical similarity, ovules have also been assigned to 
C. poroxyloides (Stidd and Hall, 1970b). These combined 
plant parts are now recognized as the Callistophytaceae 
(Stidd and Hall, 1970b), a distinct family of pterido- 
sperms from the Upper Pennsylvanian of Illinois. Plant 
organs assignable to C. poroxylotdes include stems, buds 
and Pan ieee leaves. Roots have not been reported. The 
pollen organs are described as Callandrtum calltstophytotd= 
es Stidd and Hall (1970b), while the ovules are referred 
to as Callospermarton pustllum ragecieana Delevoryas 
(1960)Stidd and Hall (1970b). 

More recently, a Middle Pennsylvanian pollen organ 


from Illinois has also been assigned to the Callistophyta- 
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ceae (Rothwell, 1972b), and indicates the presence of the 
family in these somewhat older strata. In addition, Callis- 
tophyton type stems have been reported from the Middle 
Pennsylvanian of Kansas (Baxter and Hornbaker, 1965) and 
Illinois (Millay and Eggert, 1970; Rothwell, 1972a), and 
Callospermarton type ovules have been reported from the 


Middle Pennsylvanian of Illinois (Rothwell, 1972a). 
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The Present Study 


The current investigation was undertaken to increase 
our knowledge of the Upper Pennsylvanian age Callistophyton 
poroxylotdes, and to describe new Middle Pennsylvanian 
specimens. The study deals with morphological and anatom- 
ical features of the vegetative Callistophyton plant parts 
that are present in North American coal balls. An addition- 
al aspect of the investigation is the detailed comparison 
of Calltstophyton material to 1) presumably cordaitean 
material described as Poroxylon boyssettt Renault (1879b) 
and P. edwardstt Renault (1880), and 2) to a Middle Penn- 
sylvanian pteridospermous stem fragment from Kansas 
described as Calamopttys kansanum Baxter and Roth (1953). 
The critera used for taxonomic interpretation include plant 
habit, structure of the vegetative organs and anatomical 
features. Primary vasculature is also used as a criterion 
for determining the relationships of these plants. Special 
emphasis is placed on the specific identity of the speci- 
mens found at differing geographic locations and strati- 
graphic levels, and developmental features are discussed 
whenever sufficient well-preserved material is available 
for interpretation. 

Based on the structure and development of the stems, 
leaves, buds, branches, and roots, two distinct species of 
Callistophyton can be identified in North American coal- 


ball material of Pennsylvanian age. Callistophyton 
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poroxylotdes occurs in Upper Pennsylvanian sediments from 
Illinois. A second species not previously assigned to 
Calltstophyton occurs in Middle Pennsylvanian material from 
ITllinois, Kentucky and Kansas. In addition, the material 
described as Poroxytlon boyssetit, P. edwardstt, and 
Calamopttys kansanum is interpreted as being specifically 
equivalent to the Middle Pennsylvanian Calltstophyton 
Species. Features that distinguish the Upper Pennsylvanian 
Calltstophyton poroxylotdes from the Middle Pennsylvanian 
species include the development of the primary wood, the 
structure of cortical appendages, and numerous other 


anatomical features. 
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Collecting Localities and Stratigraphy 


The material investigated in this study was collected 
at eight coal-ball (carbonate petrifaction) localities in 
North America, and one silicified petrifaction locality in 
France. Of these, the Sahara and Berryville localities in 


Illinois have provided the largest number of specimens. 


Localities 


Autun Unspecified location near Autun (46.57N, 
4.18E), France. 

Berryville St NE sn tat, See. alert. 2 No, R. 13. W, 
Sumner Quadrangle, Lawrence County, 
Illinois. 6 miles south and 2 miles 
westcofeconner, iliinois:, U.S.A... 

Calhoun . Se6u iol Ae Mewes 14 W.. 4 SUMNeT 
Quadrangle, Richland County. 2.6 miles 
east .o£. Calhoun,» ilLlinois,.U.S.A.. 

Dix Sec. 120 wie. Gibehan Cet POUNnt Vernon 
Quadrangle, Jefferson County. 3 miles 
Sotneast. Ofe Dixy,1l1linois,.UeS Ass 

New Calhoun SEC. 32 ye lewis) Niwies Ri 14 W., Sumner 
Quadrangle, Richland County. 2.6 miles 
east of Calhoun, Illinois, U.S.A.. 

Pit #11 Cee IG oN wh We, erecher 
Quadrangle, Kankakee County. 2 miles 


NwW.of Essex,, Illinois,. U.S.A... 
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Providence 


Sahara 


West Mineral 


NE%, Providence Quadrangle by Kentucky 
topographic map co-ordinate system 

x 412,200' y 407,700'. 1% miles NW of 
the center of the town of Providence, 
RemeuickyiUNS.A.. 

pec. OO PPA Si, R. 4°) Harrisburg 
Quadrangle, Williamson County. 4 miles 
northwest of Carrier Mills, Illinois, 
USOU « 

WS SEMA, BOBS. SRS 22E. 
Columbus Quadrangle, Cherokee County, 


Ransas ,~ UvVS A." 


Stratigraphic Position and Age 


Autun 


Berryville 


Calhoun 


New Calhoun 


Unspecified coal from the Autun Basin. 
See explanation below. 

Calhoun Coal, Mattoon Formation, 
McLeansboro Group. 

Upper Pennsylvanian (Illinois) 
Calhoun Coal, Mattoon Formation, 
McLeansboro Group. 

Upper Pennsylvanian (Tllinois) 
Calhoun Coal?, Mattoon Formation, 
McLeansboro Group. 

Upper Pennsylvanian (Illinois) 
Calhoun Coal, Mattoon Formation, 
McLeansboro Group. 


Upper Pennsylvanian (Illinois) 
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Pit #11 Colehest¢r (No. 2) Coal,’ Carbondale 
Group, Kewanee Formation. 
Middle Pennsylvanian (Illinois) 
Providence Coal No. 12, Carbondale Fo-mation, 
Kewanee -Group. 
Middle Pennsylvanian (Kentucky) 
Sahara Herrin No. 6 Coal, Carbondale Formation, 
Kewanee Group. 
Middle Pennsylvanian (Illinois) 
West Mineral Fleming Coal, Cabaniss Subgroup, 
Cherokee Group, Desmoinesian Series. 


Middle Pennsylvanian (Kansas) 


Notes Concerning Stratigraphic Placement 

The four localities that provide specimens of Calltsto- 
phyton poroxylotdes are located within a relatively short 
distance of one another in southeastern Illinois. Specimens 
from these localities are all collected from the same coal 
seam. On the basis of present information, one must 
consider this species to be quite restricted in both geo- 
graphic and stratigraphic ranges. The Middle Pennsylvanian 
Calltstophyton species appears to have a much wider geograph- 
ic distribution. This latter species has been collected 
from the eastern Interior- (Illinois, Kentucky) and Mid 
Continent- (Kansas) Basins of North America, and the Autun 
Basin of France. Stratigraphically, specimens of the Middle 
Pensylvanian species occur at relatively equivalent levels 


in North America (Table 1). The specimens from 


pene ectonietyadiiel ox6ban 
mol tan-ot siahuodss® SE at feo 
ORO epREIeM | 
(ykousqek)  ssibasveemod sien 
; sob seneet olahaedia? S690 2 som aiereH 
_-wegtiant® senewal 


(etomtiix) satasylyenaned 9fbbiM 
yquoupar® geiceds. ,1so0D ‘pakmes 
eelroe anieoniomasd quo, gesteront9 | 
(nsensk) neitasviyennet elbbin 


_ sapmeos lt? otdgetps sense painngon | 

-otediiod to aremtosee ehieng sedt aaidétepor eHo% “oat ig 

trode ylovitsies » pitdiw badsool ax6 sabbolytonsg by | Die 
anemioeg? = .adontt it rrgtasscituoe ak neAJ ors atic 200 

{soo ome of? most hesoetios. parabens: ois ae 


— 


me 

y As v ail a . 

. i aI = bas. ‘atdgospsiease . Higsz? | 
“i bg ; ae Zins. 8 © “ile ‘ees : i | 
is — p rf Fu va jatromydqot st fo! a ae eA ; 

; D eater ete 

Pit 


tt af mheeitectoly Ibe Mt) rhanet | an 


many | 


pe neat. Decne api tRES Cae 


FER Mt 


r 


a A A a 


- 


| palbbine a ae ame MONE 


~“e. hoy wawett 


VIRGIIAN | SERIES 


; 
5 
| 


a 


trerra wi 


Pa 
AM ; 
SE al cee | ae a 


Le = ET OE TT A i I AE ND 


< 
2 © ne ea 
aaa 3 
mins 
IR A 


- 

3 

i 

z 
RSONIFERCYS 


Al SN OO 


TPHALIAN 


vans 
fs 
g s al 
ge AE 
~x- 
A 


= 
- 


Ww 


a et gy 


a Sil 


4 nial mee “a 


Te ; Ph i 
| W _ , v, : “ly 


A : 


TABLE 1. Stratigraphic and geographic distribution of 
Calltstophyton. 


(Modified after Taylor, 1965). 
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France, however, may be from more recent strata. 

As originally interpreted, the Autun specimens of 
Callistophyton (= Poroxylon boyssetit and P. edwardstit of 
Renault, 1879b, 1880) were from Permian deposits. Unfort- 
unately, the Upper Carboniferous-Permian boundary is often 
difficult to identify in this region, and early strati- 
graphic interpretations are not always reliable. [In the 
present instance, the problem is further complicated by 
the absence of specific data concerning either the geo- 
graphic location or coal seam where the specimens were 
collected. The original descriptions merely indicate that 
the material was preserved in Silicified nodules collected 
from a coal seam near Autun (Renault, 1879b; Bertrand and 
Renault, 1886b). The stratigraphy of the region surround- 
ing Autun has been more recently interpreted by Louis 
(1954), who indicates that the town is situated at the 
southern edge, near the western margin of the Autun Basin. 
Sediments in the basin are interpreted as ranging from 
Stephanian (upper Carboniferous) to Triassic» in age. . There 
are several coal seams within the Stephanian-Permian strata. 
Of the three presumably Stephanian coal bearing zones, the 
central zone ("Etage moyen du Mont Pele" of Louis, 1954) 
is known to occur in the area of Autun. This coal is the 
most probable source of the Autun material. The lowermost 
of the Permian strata ("L étage d'Igornay-Lally" of Louis, 
1954) closely resembles the Stephanian deposits. Lower 


Permian coals occur at the western margin of the basin and 


od ee | 


«SIR 1I2 Insost SHOR one 
So valet Beda reba . 
to ;\ebtnubs 18 Bas a teagyos eer a note 
~sotal sabtaoabs adimnien Moz: ‘ssa dh danse 
gedto et speaseebcidages scieigs tas Slag ae as 
-it%exse glane bits ,kOFpot Bshet mi: vaditpebse o2 Pe 
ert ni idhtistios eyavig Joa sxe nnlchaddeangieicnh 
qd betieSbfaroo todtiw? 2Yleetdote |rit ie abies : 
-o8p sie writis paintennes soal o22isqu) Ro Rene 
stew enomtosqe eit sietw mse Leos xo mok¥s508 | 
Jett sdsotbai yletem eaoisqiiogs5 isnigkzo ‘edt es 
betoslioo esivbon bsrtinilie-ai. Bevraraxg sw tivaesa, 
bus brestred :dlT OS (2 laensit) amaus” xeon aieee Ipod st 
~bavoxive nodigex edt Zo yigsspitarte sAT Ce 4 me 
efuol ga hbersrqaejs at “wstdaost stom wr asa «4 rg | 
git te pevsudie ai aWwod ands set Detain E on s* f 
-niest quswa og to! AEP tem aitedeow \od4 aaa seat 


mor prbpess- sede ois thee Nal ik ed 


od .2enox paided aici ntnaiss? Vdeeweors vet ota * 
(eer setter 3b "stea 4 pitt . ae 
alias dunaill = 


To a 


ae, ; >; ry 


4 al FF ° 
ar . : { : i "* 
ere Ge eee | - _ - ou fe 


Aes 
therefore could possibly also be the source of the Autun 
specimens. The situation is further complicated by the 
possibility that all but the lowermost coal beds of the 
Autun Basin may represent Permian or younger deposits 
(Louis, 1954). This interpretation is based on the 
presence of a presumably Permian species of compression 
fern-like foliage, Pecopterts pluckenett, in the upper two 
"Stephanian" zones ("Etage moyen du Mont Pele", and the 
"Faisceau houiller Superior de C. Mollay", Louis, 1954). 

In the absence of precise data regarding the ages of 
the various strata of the Autun Basin and the source of the 
specimens, the age of the material from Autun can be inter- 
preted as being as old as mid-Stephanian, or as young as 
lowermost Permian. If one considers the specimens to be 
of the former age, then they are somewhat younger than the 
equivalent material from North America, and older than 
specimens of Callistophyton poroxylotdes. If, on the other 
hand, they are interpreted as being of Permian age, then 
they are younger than the North American material of either 


species. 
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Directory of Specimens 
The material investigated in this study consists of a 

large number of coal balls, peel preparations and microscope 
slides that are housed in several different collections. 
These are #45-54, 2,986-3,321, #11,963-11,976 in the Paleo- 
botanical Collections, Department of Botany, Ohio University, 
Athens, Ohio; #5,932-6,477, #11,865-11,916 in the Paleobotan- 
ical Collection, Department of Biological Sciences, University 
Oro Lubinous at Gnean Civete,. Chicago, Titinois; ¢2,227- 
2,265 in the Paleobotanical Collection, Department of Botany, 
University of Alberta, Edmonton, Canada; #132-1 - 132-10 in 
the Paleobotanical Collection, Department of Botany, Univer- 
sity of Texas, Austin, Texas; #272-283, #1,388-1,420, #2,224 
in the Paleobotanical Collections, Botany Department (Morrill 
Hall), University of Illinois, Urbana, Illinois; #1,454-1,432, 
#1,630, $2;964-2:,,965, #3,279-3,293, #3,332-3,346, $3,386, 
$3 ,3590-3,391 AS the Department of Palaeontology, British 
Museum (Natural History); #1,454 in the Paleobotanical 
Collection of R.W. Baxter, Botany Department, University of 
Kansas, Lawrence, Kansas. Those specimens that are figured 
in the illustrations and line diagrams, or discussed in the 
text are identified below by a three part letter and number 
designation. The first part of the designation refers to the 
species. The letters CP are used for specimens of Calltsto- 
phyton poroxylotdes, and CB is used for specimens of the 
second species described in this study. The second part of 


the designation refers to the collecting locality of the 
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specimen. 

Designations for the localities are as follows: A = Autun, 
B—“Berryville,}'D ="Dix, P= Pit’#1lT, *s’= Sahara, and W = 
West Mineral. The number designations for specimens of each 
species are arbitrary. The coal-ball number or collection 


number, and repository are indicated for each specimen below. 


Specimen 

CP-B-1 Coal-ball 1,221.°" University of Illinois, 
Urbana 
Coalsballyo,521 Ohio University 

Ce-B=2 Coal, Dall, 1,221... University, of Illinois, 
Urbana 
Coal ball 5,821... (Ohio University 

CP-B-3 Coal ball 5¢e2i, Ohio University 

CP-B-4 Coal ball 5,821. Ohio University 

CP-D-5 Coal’ ball) 132, University of Texas 

CP-B-6 Coal ball 1,160. University of Illinois, 
Urbana 

CP-B-7 Collection #2,224. University of Illinois, 
Urbana 

CP-B-8 Coal ball 3,791. University of Illinois, 
Chicago Circle 

CP-B~-9 Coal ball 5,821. Ohio University 

CP-B-10 Coal ball 5,821. Ohio University 


CP-B-11 Coal ball 4,127. University of Illinois, 
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CB-5S-1 


CB=s—2 


CB=5—3 


CB-W-4 


CB-A-5 


CB-A-6 


CB-A-7 


CB-5-5 


CB=5-9 


CB=5=10 


CB=-5-1i 


CB=-A-12 


CB-sS-13 


CB=S~14 


CB=S=15 


CB=S-16 


Chicago.Cirelé 


COatr Daw ts 2 Oo. 
Chicago CLrcle. 


COal Dare vs, (54. 


UNevercotcy or Lilbinors, 


Ohio University 


Coal Dall 2Ze9. University of Alberta. 


Collection #1,454. 
Collection #1,430 
frat oe 
1,636. 
Collection $1,428. 


Collection #2,964. 


University of Kansas. 
British Museum 
British Museum 
British Museum 


British Museum 


British Museum 


Coal ball-4,007. University of Tilinois, 


Cnicago Circle, 
Coal batins ,o2l. 
Chicago Circle. 


Coat ball 3,021. 


Chieago Circle. 


Coal. ball 5,754. 
Collection #1,421. 
Coal’ Palivs,987. 
Chicago Circle. 
Coal ball 4,040. 
Chicago Circle. 
Coalsball 93,554. 
Chicago Circle. 
Coal ball..4,123. 


Chicago Circle. 


University of Illinois, 


University of Illinois, 


Ohio University 


British Museum 


University of Illinois, 


University of Illinois, 


University of Illinois, 


University of Illinois, 
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CB=A-17 
CB-A-18 
CB-A-19 
Ce-o-2U 


CB-o-21 


CB-S-22 
CB=o-23 


CB-S-24 


CB=5-25 
CB-S-26 
CB=s=27 
CB-S-28 
CB-5=29 
CB-S-30 


CB=S=31 


Collection #2,965. British Museum 


Collection #1,432. ‘Bratish Museum 


Collection #1,423. British Museum 


Coal: ball 9308. 
Coal *bali37963. 
Chicago Circle. 
Coal ball 906. 
Coal ball908. 
Goa babar e412 7:. 
Chicago Circle. 
Coal (bali 5,754 . 
Coalybabls,754. 
Coaliball.527. 
Coal ball 2,350. 


Coal ball =289. 


“Coal ball 5) 154. 


Coal-bali-:908:. 


Ohio University 


Wnoaversity of Jilinois, 


Ohio University 
Ohio University 


University of Illinois, 


Ohio University 

Ohio University 
Ohio University 

Ohio University 
University of Alberta 

Ohio University 


Ohio University 
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Text Fig. 1. Reconstruction of Callzvetoprytor. | Therplanc ts 
illustrated as a small, somewhat scrambling 
shrub, that is growing on the coal swamp floor 
near the stump of a dead tree. The reconstruc" 
tion is based on the specimens that are 
specifically designated under "plant habit" in 
the text. X 
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DESCRIPTION OF MATERIAL 
General Features 


Calltstophyton specimens occur as fragments of stems, 
leaves, buds, branches and roots. Fragments are most often 
isolated, but the occasional attachment of the various 
parts to one another demonstrates their identity as organs 
of the same type of plant. Isolated fragments can be 
identified by their structural similarity to attached 
specimens and by several distinctive anatomical features. 
Calltstophyton stems are radially symmetrical and slender, 
measuring 0.2 - 3.0 cm in diameter (Fig. 19-23, 28-33). 
Leaves are borne at slightly swollen nodes, and at intervals 
that range from less than stant to over 20 cm. The 
leaves are evpically pinnately compound and fern-like, but 
there is considerable variation in both leaf size and 
complexity. The largest leaves probably measure as much as 
30 cm long and are tri- or quadripinnately compound. Those 
leaves that are borne on the smaller stems are often less 
than 5 cm long and only bipinnately compound. The smallest 
leaves are simple structures with entire margins. Leaves 
of the latter type occur around the buds and are similar 
to the cataphylls of living plants. 

The roots of Callistophyton are protostelic and 


diarch (Fig. 2, 6), with exarch maturation of the primary 
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xylem. Some roots are much branched (Fig. 35, 105), but 
others extend for some distance with no evidence of branch- 
ing. Rooting structures range from minute rootlets to 
mature specimens up to 1.2 cm in diameter. When attached, 
the roots always occur at the nodes of the stem and are 
subtended byca: branchrorubid. (Figee35;. 105). eNo-primary 
rooting system has been observed. 

Branching in Callistophyton is axillary, with either a 
branch or bud present at every node (Fig. 10, 17, 34). 
Since the roots are borne in the axils of buds and branches 
(Fig. 105), serial sections passing distally through a 
nodal region (Fig. 106-109) encounter the departing leaf 
trace (Fig. 106) followed by the axillary bud or branch 
(Fig. 107). This is then followed by the departing root 
traces (Fig. 108, 109). Several specimens are preserved 
with no leaves attached, and only axillary branches or buds 
remain to mark the position of the nodes (t.e. CB-S-31l). 
Buds of this type have been interpreted as adventitious 
(Delevoryas and Morgan, 1954), but the former position of 
the leaf is indicated by a subtending leaf trace that 
departs from the stele, traverses the secondary vascular 
tissue, and terminates in the periderm. Some specimens 
(t.e. CB-S-1l1) bear buds in the leaf axils and therefore 
appear to be unbranched. Others bear branches at nearly 
every node and probably represent much branched plants 
(t.e. CB-S-9); especially when the internodal distances 


are short. Many larger stems with abundant secondary 
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tissues bear branches and buds that are oriented at 
approximately right angles to the parent axis. Specimens of 
this type often exhibit profusely branching root masses at 
the nodes, but leaves are usually absent (t.e. CB-S-31). 
Other stems bear branches and buds that diverge from the 
stem at a much smaller angle. Some of these specimens have 
relatively short internodes and usually show no evidence of 
roots at the nodes (t.e. CB-S-9). Many of the smallest 
stems with only a small amount of secondary tissue have 
long internodal distances with a small leaf present at 

each node. In these specimens buds rather than branches are 
usually present at each node and roots are frequently also 
present (¢.e. CB-S-11). Other small stems have rather 
short internodes and axillary branches extend from some of 


the nodes. 
Plant Habit 


The overall structure and habit of Callistophyton is 
illustrated in Text Fig. 1. In this reconstruction Callts- 
tophyton is depicted as a small, understory plant with a 
scrambling and shrubby habit. A relatively small size is 
implied by the small diameter of all known stem and leaf 
specimens. The largest stem specimen (7.e. CB-S-13) is 
only 3.0 om in diameter while the largest leaf probably 
did not exceed 25 - 30 cm in length. The long internodes 
and highly dissected leaves are like those of many extant 


plants that grow in shaded, understory habitats.” The 
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large horizontally disposed axis in the foreground produces 
buds and branches at right angles. The much-branched 
portion of the plant in the background represents those 
specimens with numerous axillary branches and relatively 
short internodal distances. The one branch of this 
specimen that extends into the foreground has small leaves 
and is unbranched. Other features that suggest a somewhat 
scrambling habit are adventitious roots borne at many 
nodes, and the small spines present at the outer margin of 
the primary cortex of the Middle Pennsylvanian specimens. 
Leaf size and structure are based on known specimens, but 
the exact pinnule shape and degree of pinnule dissection are 
somewhat speculative. As in extant plants, leaves are not 


present on the older parts of the stems and branches. 


Stem 


The stem is composed of a parenchymatous pith 
surrounded by axial bundles and leaf traces (Fig. 44, 47). 
The primary cortex consists of an inner zone of thin-walled 
parenchyma and an outer zone of longitudinally oriented 
fibrous bundles with interposed parenchyma (Fig. 1l, 17, 
18). In older stems, secondary xylem, vascular cambium 
and secondary phloem surround the pith and primary xylem 
(Fagivlgad; 23225)<essberiderm is initiated within the inner 
primary cortex (Fig. 40), and in the most mature specimens 


this tissue forms the outermost zone (Fig. 23, 33, 42, eA 
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Pith - Pith occupies the center of Callistophyton stems, 
and is characteristically angular in transverse section (Fig. 
44). In typical internodal sections the pith_is roughly 
triangular (Fig. 11), with leaf trace bundles occupying the 
corners of the triangle. In sections closer to the node 
the pith becomes elongated opposite the departing leaf 
trace (Fig. 23), and at the node the elongation is often 
quite pronounced—(Fig. 10) 17). THe pith is. composed of 
thin-walled parenchyma with occasional interspersed 
Cavities (Fig. 44, 47). Pith cells are polygonal and 
isodiametric in transverse sections, and measure 30-100 u 
in diameter. In longitudinal sections the cells are 
axially elongated and aligned, and exhibit transverse or 
obliquely oriented end walls. Some pith cells in the 
Middle Pennsylvanian specimens contain amber contents (Fig. 
18). This feature may indicate a storage or secretory 
function, or the dark cellular contents may merely reflect 
preservational factors. Pith cells in specimens of C. 
poroxyloides are typically devoid of contents (Fig. 44). 
Oval or spherical sacs surrounded by an epithelial lining 
are present in the pith (Fig. 26). These structures are 
referred to as secretory cavities by previous workers 
(Delevoryas and Morgan, 1954; Stidd and Hall, 1970b). 
Individual sacs measure about 200 u in diameter. Cells of 
the epithelial lining are elongated parallel to the margin 
of the cavities, and measure up to 100 u in greatest 


dimension. Amber colored deposits are often present 
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within the sacs (Delevoryas and Morgan, 1954; Delevoryas, 


OG). 


Primary xylem - The primary xylem is represented by 
axial bundles and leaf traces located at the margin of the 
DLC (rag. 44, 4:,,. L206). In Middle Pennsylvanian specimens 
the bundles usually appear as separate and discrete units 
in transverse sections (Fig. 47). The number of bundles 
present in transverse sections ranges from 9 at the base of 
an internode, to 1l near the level of the next node above 
(Text Fig. 2). At the level of leaf trace departure from 
the stele, 13 bundles are present in transverse section 
Individual bundles vary considerably in 
size, and in the number of primary xylem cells of which 
they are composed (Fig. 44, 47). The largest are either 
axial bundles in the process of dichotomizing, or leaf 
trace bundles. The smaller bundles are often difficult to 
recognize in poorly preserved specimens. Bundles of 
Calltstophyton poroxylotdes are typically mesarch (Fig. 26, 
27), while those in the Middle Pennsylvanian specimens are 
exarch (Fig. 37,38). This latter feature consistently 
distinguishes specimens from the Upper and Middle Pennsyl- 
vanian localities. As one might expect, however, some 
specimens from each locality show variation with respect 
to the development of the primary xylem. Ina few speci- 
mens of C. poroxyloitdes one observes a bundle with little 


or no development of the centripetal or centrifugal 
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metaxylem. Consequently, the bundle appears to be either 
exarch or endarch: Likewise, in some Middle Pennsylvanian 
specimens a few centrifugal metaxylem tracheids are occas- 
ionally present in a bundle, which then appears to be 
mesarch. This phenomenon is usually only evident for a 
short distance along a given bundle, and does not appear to 
be correlated with the nodal or internodal level of section, 
or with the division of a bundle. It is not a characterist- 
ic of the leaf trace bundles, and is probably nothing more 
than a reflection of random developmental variation within 
the primary xylem of each type. A slender strand of 
parenchyma accompanies each primary bundle (Fig. 26, 39). 
In transverse sections the parenchyma appears as a patch 
with protoxylem at the inner side (Fig. 27, 38). In C. 
poroxyloides the metaxylem elements form the outer margin 
of the bundle, and separate the parenchymatous strand from 
the secondary xylem (Fig. 27). In the Middle Pennsylvanian 
specimens, however, the parenchyma strand is directly 
adjacent to the earliest formed secondary xylem elements. 
Metaxylem is present on only the lateral and centripetal 
sides of the primary bundle (Fig. 38). 

Protoxylem tracheids are polygonal and isodiametric 
in transverse sections. They measure 12 - 25 uw in diameter. 
In longitudinal sections protoxylem elements have wall 
thickening patterns of the spiral and scalariform type 
(Fig. 52, 59). Metaxylem tracheids are typically larger 


in transverse sections, measuring 25 - 80 uw in diameter. 
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In longitudinal sections secondary wall thickening patterns 
are present on als. faces, and are of the reticulate and 
bexdered, pitted.types, (Fig. 59)......in the, latter. type, the 
pits are alternate and oval with crossed, slit-like 
apertures (Fig. 64). Primary xylem parenchyma cells are 
axially elongated (Fig. 52), and eae in transverse 
view. Individual cells are typically 4 - 8 times as long 


as broad and exhibit slightly oblique end walls. 


Secondary Xylem - Calltstophyton stems produce abund- 
ant secondary xylem that consists of alternating radial 
files of tracheids and xylem rays (Fig. 51, 58). The files 
of tracheids range up to 70 cells in radial extent (Fig. 
10). The files are 1 - 5 cells wide with 1 - 3 cell widths 
eccurring most frequently (Fig: :22,) 33)... Individual files 
become wider as they extend toward the periphery of the 
stem. After a width of 3 - 5 cells is obtained a ray is 
initiated to divide the file into two. Those tracheids 
that occur at the base of the internode and above where 
the traces depart are typically shorter and contorted. 

They are also separated by wide rays (Fig. 61). This region 
is similar to the reaction wood that occurs at a similar 
position in living conifers. Tracheids are angular in 
transverse sections with 3 - 6 sides (Fig. 51, 58). They 
are approximately 1 cm long and have tapering end walls 
(Fig. 56). Several rows of alternate, oval, bordered pits 


are present on the radial cell walls (Fig. 50, 57). “ne 
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number Of rows ranges from 2 = 7 in Callistophyton poroxyt- 
otdes, and from 2 ME i the Middle Pennsylvanian specimens. 
Three to five rows is most commonly observed in both 
species. Well-preserved pits exhibit crossed slit-like 
apertures similar to those of the metaxylem (Fig. 64). The 
apertures appear to be oval in less well-preserved trach- 
eids (Fig. 54). When the preservation is quite poor the 
radial tracheid walls exhibit a meshwork of hexagonal 
openings that represent the positions of individual pits 
(Fig. 50). No pitting has been observed on the tangential 
tracheid walls. 

The xylem rays range from 1 - 4 cells wide, but 
biseriate rays are most common. The rays are extremely 
high (Fig. 50, 60), often exceeding the length of the 
tracheids in longitudinal extent. Individual rays are 
homogeneous and composed of thin-walled parenchyma cells 
(Pig. 53) 57). in tangential vsections the xray cells are 
teqdtametrios (hig. 56,60)... In radial view they are 
angular and range from square to rectangular, with slight 
radial elongation (Fig. 53, 57). The ray parenchmya cells 
of Calltistophyton poroxzylotdes have no internal contents, 
but some cells in the Middle Pennsylvanian specimens 
contain amber material (Fig. 57). Ray parenchyma cell 
walls that are adjacent to tracheids often exhibit large, 
oblique simple pits (Fig. 62). Secondary xylem is absent 


from stem and bud apices. 
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Vascular Cambium - A narrow zone of thin-walled cells 
‘28 present atthe outer*margin*of* the wo6d.*+™This’zone*is 
2 - 4 cells thick and represents the fusiform and ray 
initials and their most recent derivatives (Fig. 55, 63). 
In transverse sections the fusiform initials are tangent- 
ially elongated, while the ray initials are either iso- 
diametric or slightly radially elongated. Comparison of 
several specimens with varying amounts of secondary vascular 
tissues reveals several aspects of vascular cambial 
aCtivity.*"Ac first; =the newly ‘formed vastular® cambial” cells 
apparently cut off derivatives fonaee the interior only, 
with secondary phloem production beginning somewhat later. 
In specimens with approximately 5 - 10 rows of secondary 
tracheids, the first formed secondary phloem cells are 
present. In the largest specimens with well-preserved 
secondary phloem, the number of radial files of phloem 
cells is only slightly smaller than the number of xylem 
cells. This suggests that after the initiation of second- 
ary phloem production the cambial cells produce xylem and 
phloem cells in nearly equal numbers. This latter feature 
is not always apparent, however, since the larger size of 


the tracheids creates a thicker secondary xylem zone (Fig. 


ig ic oS 


Phloem - In Calltstophyton, as in many other fossil 
plants, the position of the primary phloem is difficult to 


establish with certainty. There are, however, some 
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indications of primary phloem in several well-preserved 
specimens. In transverse sections of some immature stems 
there are large cells accompanied by very small cells (Fig. 
102, at arrow). These occur just exterior to the primary 
xylem bundles. In more mature specimens the radial files 
of phloem cells extend inward from the smallest cells in 
these areas (Fig. 63). These small cells may, therefore, 
represent primary sieve cells. 

The secondary phloem consists of radial files of 
Sieve cells and phloem parenchyma that are interspersed 
with phloem rays (Fig. 55, 63). In transverse sections the 
Sieve cells are large and slightly tangentially extended. 
In longitudinal view the sieve cells are extremely elongated 
with tapering end walls. Well-preserved sieve cells exhibit 
regularly spaced amber masses along their longitudinal walls. 
These masses have been interpreted as probable callose 
plugs in the sieve areas (Delevoryas and Morgan, 1954a). 
The phloem parenchyma cells are much smaller, and in trans- 
verse view are seen as tangentially oriented chains of 2 - 
5 cells that alternate with the sieve cells (Fig. 55, 63). 
In longitudinal sections the phloem parenchyma cells are 
axially elongated similar to the primary xylem parenchyma 
cells. Examination of the most recently formed secondary 
phloem cells reveals that the tangentially oriented rows of 
phloem parenchyma originate by subdivision of the fusiform 
derivatives that alternate with potential sieve cells (Fig. 


55, near cambium). The phloem rays occur opposite xylem 
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rays, and extend radially; becoming progressively wider 
toward the outer margin of the zone (Fig. 63). Some of this 
increase in width is due to tangential extension of the ray 
parenchyma cells. This probably occurs in response to an 
increasing diameter in the growing stems. Phloem ray cells 
are Similar to the xylem ray cells, but are somewhat larger 
(Fig. 42). At the outer margin of the zone phloem ray 
parenchyma cells intergrade with the cells of the inner 
cortex (Fig. 63). In some of the larger Middle Pennsylvan- 
ian specimens the phloem cells toward the exterior of the 
zone exhibit thickened walls and dark internal contents 
(Fig. 43). These cells are similar to the sclereids that 
form in the phloem of many living plants. Enlarged cells 
are present in the secondary phloem of well-preserved 
specimens when viewed in transverse sections (Fig. 55, 63). 
Many of these replace a tangential row of phloem parenchyma 
cells, but others are found in the positions of sieve cells. 
Cells of this type are filled with dark contents and appear 
to be resin canals when viewed in longitudinal sections 
(Fig. 53). On close examination, however, cross walls of 
the cells can usually be identified. Other enlarged cells 
with dark contents are spherical or ovoid in both longitud- 
inal and transverse sections. Cells of this type appear 
similar to the secretory cavities of the pith, but are not 


surrounded by an epithelial cell layer. 


Cortex - Young specimens of Callistophyton have a 
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primary cortex composed of a thick parenchymatous inner 


zone, and a thinner sclerenchymatous outer zone (Fig. 19, 
28). Cells of the inner cortex are thin-walled and iso- 
diametric. In transverse sections of Middle Pennsylvanian 
Specimens the cells of the inner cortex measure 30 - 90 u at 
the inner margin of the zone, and grade to a somewhat 
smaller size toward the outer margin (Fig. 18). In specimens 
of C. poroxylotdes no gradation of cell size is present, but 
noticeably larger cells are present. These occur with a 
greater frequency toward the outer margin of the zone (Fig. 
96). In longitudinal sections the cells of the inner 

cortex are isodiametric and either randomly arranged, or 
somewhat vertically aligned. Dark contents are present 
within some cells of the Middle Pennsylvanian specimens, 

but are absent from the cortical cells of C. poroxylotdes 
(Fig. 40, 102). The outer sclerenchymatous cortical zone 

is composed Lt longitudinally oriented fiberous bundles and 
interposed parenchyma. The thick-walled cells are elongated 
parallel to the axis, while the thin-walled cells are like 
those of the inner cortex. The extent of fiberous bundle 
formation is quite variable among the specimens from each 
locality. In some specimens the fibrous bundles are poorly 
developed and inconspicuous (Fig. 28), while in others they 
appear as well formed and discrete bundles [rac. SOT. 2a 
still other stems they are laterally fused forming a nearly 
continuous cylinder of thick-walled cells (Fig. 34). Within 


a single specimen the extent of fibrous bundle formation may 
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vary at different levels. In longitudinal sections the 


fibrous bundles are disposed in a relatively parallel manner 
with infrequent anastomoses. Specimens with a small amount 
of secondary xylem exhibit a discontinuity between the 
inner.and.outer, cortical zones.(Fig. 41). In specimens with 
a larger amount of secondary wood the inner cortex is either 
crushed or absent (Fig. 21, 29). This suggests that the 
initial increase in stele diameter due to secondary develop- 
ment is accommodated by a reduction in the thickness of the 
inner primary cortex, and accounts for the presence of 
unbroken outer primary cortex on stems with several rows of 
secondary tracheids (Fig. 20, 34). In the largest specimens 
the fibrous primary cortex is disrupted or entirely absent 
SEL ane Suis ahs 

Enlarged cavities like those of the pith occur within 
the.cortex of most..specimens. (Fig.,34)..),,Some.of.the 
enlarged cells in the inner cortex of immature Callisto- 
phyton poroxyloides stems may represent incompletely formed 
Gavities.ofthisetypes (Big. 102).4.-in.theyouter cortex of 
the Middle Pennsylvanian specimens some of the cavities are 
greatly enlarged with up to three cell layers of epithelial 
baning, (Fig«..34). 

In well-preserved specimens a uniseriate epidermis of 
isodiametric, thin-walled cells is present at the outer 
margin of the cortex (Fig. 102). Cortical appendages are 
present at the outer margin of some well-preserved stems. 


However, the frequency of these appendages is quite 
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variable. Some specimens exhibit numerous appendages in 
cross sections, while others appear to have only a few. 
Still other stems appear to be devoid of these structures. 
This may be due in part to destruction of the appendages 

on some specimens prior to fossilization. The appendages 
of C. poroxylotdes have been described as stalked glands 
(Delevoryas and Morgan, 1954). This is due to a rather 
restricted basal zone, and an enlarged apical region 
composed of large, thin-walled cells (Fig. 24, 25). These 
glands are quite similar to those present on specimens of 
Lygitnopterts and its associated organ genera (Oliver and 
Scott, 1904). Individual appendages measure up to 200 u 
long. Cortical appendages present on many of the Middle 
Pennsylvanian specimens are larger than those of C. poroxyl- 
oitdes. They are also distinctively shaped with an enlarged 
basal zone of large cells, and an acutely pointed apex 
composed of smaller, thicker-walled cells (Fig. 36). 
Appendages of this type measure up to 700 u long, and are 


more like small spines than capitate glands. 


Periderm - A thin zone of periderm is present at the 
outer margin of the inner cortex in specimens with a small 
amount of secondary xylem. This zone is typically separated 
from the outer margin of the secondary phloem by 5 - 10 cell 
layers and becomes detached from the outer zone 
of the primary cortex (Fig. 41). Periderm initiation 
probably occurs in the midregion of the inner primary 


cortex (Fig. 40), with the concurrent or subsequent 
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destruction of more peripheral inner cortical cells by the 


lateral expansion of the stele. The periderm in specimens 
OFetnis type typically fconsists! of 3-16 cell layers of 
radially aligned, thin-walled cells (Fig. 41, 42). Periderm 
initiation may occur earlier at one side of the stem than 

at the other (Fig. 18) (Delevoryas and Morgan, 1954), but in 
specimens with abundant secondary xylem periderm is present 
at all points around the margin of the stem (Fig. 23, 33). 
In many stems with abundant secondary growth the periderm is 
only a few cell layers thick (Fig. 1, 5). Some of the 
largest specimens, however, exhibit a thick zone of periderm 
(Fig. 23). In transverse sections of these latter stems 

the periderm is of uneven thickness with a very rough outer 
margin (Fig. 33). The individual peridermal cells are also 
randomly disposed, which suggests a periderm development 
Similar to. that of Vedulioea (Delevoryas, 1955)... Inethe 
latter genus a definite phellogen is present at early stages, 
but later divisions occur within the individual cells. 
Periderm cells are isodiametric in both transverse and long- 
itudinal sections, and exhibit little or no vertical align- 
ment (Fig. 53,°65, at right), The icells of this zone are 
usually devoid of contents, but in the largest Middle Penn- 
sylvanian specimens dark cell contents are present (Riga ¢65)4 
Black areas are seen in the periderm when viewed in trans- 
verse sections. In longitudinal view these areas appear 
similar to the resin canals of other Carboniferous pterido- 


sperms, but on closer examination are seen to consist of 


gt ats 
eid vi alles Lentse> saat fem 


eromipade mi armebiasq oft peunion | 
fo azeyel Lies 8 - & 20 etekenos qlee 
mebixed . Sh wih -pet) ethene arey 
nods mete off 20 shin ano 36 aabixea nee 
ni sud , (SRI yeeptoM bee cxgeoreted)” (82 seit) werito- 
snezeaq et mreblzeq melyx yrebucose saspauds Asie &: 
(8f 98S «ple made axft, To Sans aid baer soaiog 
ei amebiteq od dtwgep nsebiis tosboards cttw 
edt 2o amok . t@ ah «eet aad eweysl Llano. wal 
mrebtreq Ro enos dobia » arebine , wvewaod \aaemtooge ¢ é 
anote wagon asec So enolase cexevenst? ar. | 
1400 devo vaev 6 dtiw eacnioids aeveay Io 2 
eefs ous elleo Lsemrebiaeq. faablviaas ot AEE ORE) 
sremyoloveb- mebhived & ataeprus. dokdtw -,besoqaid ; 
aft al . (222i .esyxeveied), saqhinew te sade @2 3 
eopeda yline 38 dnseeag at nepoiiedd of 2akteb st a | 
allies Isubiviiad orit aisiciw t2900 + Te ee 
-paol bas setevensad seg ib sxcusaibalnoe ine 
-fpiis fsoicusv of to stapes enueedinaad vadvisoee tenkbeth 
946 HOS 28a 30 nities att’. Cadets He sPycigeeates. 
aoe 8 sneak a ak he ae 
(23 -eh2) Jngeesy oe eniesteD Lido tab eaaetooge asta 
stapes siden ron goa oan ase 
,obta94 avorto fniadné® sesio. Biche 
_ 30 dalente of need aus & rigenims At 


| 


Pas 


34 


somewhat enlarged angular cells that are vertically aligned 


and filled with dark contents (Fig. 53, at right). 


Foliage 


Calltstophyton foliage frequently occurs in association 
with stem specimens. Entire fronds are occasionally 
connected to the stems, but more often only petiole bases 
are found attached. The attached fronds are always small, 
measuring about 4 - 8 cm long. Many of the attached petiole 
bases, however, are up to 4 - 5 times as large as the bases 
of the entire leaves (Comp. Fig. 73, 74). These larger 
leaves were, therefore, probably as much as 25 - 30 cm long. 
Individual fronds are typically bi-, tri-, or quadripinn- 
ately compound with laminar pinnules. Dichotomously 
branched rachises are not typical of Calltstophyton fronds 
(Delevoryas, 1956; Stidd and Hall, 1970b), but the occurr- 
ence of one Middle Pennsylvanian specimen with a dichoto- 
mizing rachis (Fig. 76) establishes the presence of this 
feature in the genus. The remainder of the frond dissection 
is pinnate, with the successive orders of pinnae born in 
two ranks, and at nearly right angles to the parent order of 
branching (Text Fig. 1). Immature fronds are found attached 
to bud and branch apices (Fig. 90-101), and can also be 
identified when isolated (Fig. 84). Fronds of this type 
exhibit circinate vernation, with all orders of pinnae 


coiled toward the adaxial surface. 
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The glandular cavities that are characteristic of the 
ground tissue of Calltstophyton organs are typically quite 
prominent in these crosiers (Fig. 84, 94, 100). 

In transverse sections of mature specimens the rachis 
typically consists of a somewhat adaxially arched, band- 
shaped trace surrounded by inner and outer cortex like 
that of the stem (Fig. 3, 4, 16). The trace of a few 
specimens is, however, abaxially arched (Fig. 73). This may 
be due in part to crushing of the specimen. [In basal 
sections, and at the levels of primary pinnae trace diverg- 
ence, some specimens exhibit a trace that consists of two 
adjacent bundles (Fig. 16, 82) (Delevoryas and Morgan, 
1954). Individual traces of the Middle Pennsylvanian 
specimens have protoxylem elements positioned at the 
adaxial surface of the trace, but discrete strands are 
difficult to distinguish in all but the most basal sections 
(Fig. 83).  Protoxylem elements of Callistophyton poroxyl- 
otdes occur in the center of the trace, thus reflecting the 
mesarch primary xylem development in this species. Second- 
ary xylem is present in the rachis as a continuous band of 
tracheids positioned at the abaxial margin of the trace 
(Fig. 3, 4, 74). In one specimen, however, the secondary 
xylem is divided into two adjacent strands. This is 
probably due to incomplete preservation. Titbeene specimens 
the secondary wood is present at the petiole base only, but 
in others it is found in sections distal to where the first 


primary pinnae traces are produced (Rigei83) JPiin stilt 
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other specimens no secondary tracheids are present at even 
the most proximal levels (Fig. 16). This latter condition 
may be due to the immaturity of these specimens, but is more 
likely merely a reflection of the ephemeral nature of some 
leaves. The presence of phloem is difficult to determine in 
most foliar specimens. In leaf traces located in the 
cortex of the stem, however, phloem can be located at the 
abaxial margin of the trace (Fig. 82). The leaf traces of 
C. poroxylotdes have been questionably interpreted as con- 
centric bundles (Delevoryas and Morgan, 1954). In the 
present study, however, evidence of phloem at the adaxial 
margin of the trace has not been found in any Middle Penn- 
sylvanian specimens or any fronds of C. poroxylotdes. 
Caltltstophyton traces are therefore considered to be 
collateral bundles. 

Primary pinnae traces are produced at the lateral 
margins of the petiole trace (Fig. 83). Individual primary 
pinnae traces are band-shaped in transverse sections (hig. 
83). No secondary xylem has been observed accompanying the 
traces of the primary pinnae or higher orders of pinnae. 

Mature pinnules are characteristically much bent and 
contorted in the coal-ball material. Exact pinnule shape is 
therefore difficult to establish. Nevertheless, several 
structural features of the pinnules can be determined by 
examination of peel preparations. In transverse sections, 
individual pinnules typically exhibit a prominent midvein 


with lamina attached to the lateral margins (Fig. 75, 78). 
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In paradermal view the pinnules are always incomplete, but 


sections do reveal that they are deeply lobed (Fig. 85). 

The lobes are either rounded or bluntly pointed .(Fig. 85). 
At the base, each pinnule is constricted to a rather narrow 
point of attachment. A single midvein enters the base of 
each pinnule, and diminishes in prominence toward the tip. 
Each lobe is vascularized by a single vein that departs 

from the midvein at a sharp angle, and dichotomizes 2 - 4 
times toward the margin (Fig. 86). The veins have elong-- 
ated tracheidstwith spiral and scalariform wall. i<cin 
thickening patterns. Veins are typically either imbedded 
within the thin-walled mesophyll (Fig. 75, 79), or supported 
by ad- and abaxial sclerenchyma (Fig. 81). In one specimen, 
however, a layer of cells with dark internal contents 
surrounds the veins (Fig. 80). This layer may represent a 
weakly differentiated bundle sheath, or may be merely the 
result of unusual preservation. Between the veins, the 
lamina of some specimens consist of relatively tightly 
packed and thin-walled mesophyll cells (Fig. 75, 80). In 
paradermal view the mesophyll cells of these specimens 
usually appear isodiametric and randomly oriented (Fig. 87). 
In some areas, however, a weakly developed, uniseriate 
palisade layer is present adjacent to the adaxial epidermis 
(Pig. 7/7). in other specimens thick-walled sclerenchyma 
cells are present above and below the miavein, and, 1 some or 
all of the lateral veins (Fig. 81). In specimens of this 


latter type the cells near the adaxial margin are tightly 
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packed, but those toward the abaxial surface form weakly 


developed plates of cells that extend at right angles to 
the veins and are separated by large lacunae (Fig. 88, at 
bottom). A uniseriate epidermis of isodiametric cells is 
present on well-preserved pinnules (Fig. 79, 80). On most 
specimens, however, this layer is poorly preserved and 
inconspicuous (Fig. 81). In paradermal view, epidermal 
cells are isodiametric and randomly oriented between the 
veins, and slightly elongated in areas adjacent to the veins 
(Fig. 89). Stomata have not been observed. The epidermis 
of immature specimens is clothed in a dense mass of 
uniseriate, multicellular hairs (Fig. 97-104). On more 
Mature specimens the hairs are typically absent, but a few 
hair bases have been observed on the abaxial surface of 
some pinnules. Glandular cavities like those of the stem 
are present in the ground tissue and mesophyll of all frond 
segments rags 84-88). 

Among presently known compression form genera of 
Pennsylvanian fern-like foliage, the above pinnule features 
suggest similarities to Sphenopterts (Brongniart) Sternberg 
(1825), or Martopterts Zeiller (1879). Common features of 
Callistophyton foliage and some species of each of these 
include a lobed outer margin, a constricted base, and a 
single, prominent midrib that enters the pinnule base and 
diminishes toward the distal margin. In general frond 
structure, Callistophyton foliage is typically pinnately 


divided like Sphenopteris type fronds. Martopterts leaves 
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exhibit dichotomous branching of the rachis and primary 


pinnae, and sometimes the higher order of pinnae as well. 
If found in the compressed state, Callistophyton foliage 
would therefore most likely represent a species of Spheno- 


Vreree. 


Buds and Branches 


Appendages present at the nodes of Callistophyton 
grade from small buds, to large branches that exceed the 
Giameter of the stems on which they are borne (Fig. 34). 

In one specimen the stem apex is represented by a small 
apparently dormant bud, while the axillary branch has grown 
into a large structure with abundant secondary tissue. A 
bud or branch is present at all the nodes in all known 
specimens. The smallest buds consist of a parenchymatous 
mound of tissue with two oppositely-placed, scale-like 
leaves or cataphylls (Fig. 103-104). Internally, there is 
no evidence of tissue differentiation. The leaves are borne 
at right angles to the plane of bud divergence from the 
stem, and therefore appear to be positioned at the sides of 
the bud (Fig. 103). Distally the leaves extend beyond the 
bua apex (Fig. 104). Both the bud apex and the scale 
leaves are clothed in a mass of multicellular hairs 
identical to those described on immature leaves. Somewhat 
larger buds bear a larger number of leaves in a spiral 
arrangement. Examination of leaf position and the 


divergence angles of successive leaf traces suggests that 
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the first two leaves are in a 1/2 arrangement (Fig. 90). 


Subsequent leaves are apparently arranged in a 1/3, and 
then a 2/5 phyllotactic spiral. The bud axes exhibit very 
short internodes at the base; the first six leaves often 
occurring within a distance of 5 mm or less. 

The apical region of the buds and branches is 
constructed of a homogeneous mass of thin-walled cells 
(Fig. 105), which presumably represent a region of pro- 
meristem. Although the absence of well-preserved, mid- 
longitudinal sections of this area leaves the exact histol- 
ogy of the meristem somewhat questionable, available sections 
euggestethat the firsteliseSiceld layersiatethetapex«are 
oriented parallel to the surface. The adjacent cells 
appear to be isodiametric and randomly disposed as in the 
promeristems of many living seed plants (Esau, 1960). 

In somewhat more proximal transverse sections procambium 
can be identified (Fig. 91, 99). This grades proximally 
into a region where pith, primary xylem and cortex are 
evident (Fig. 90, 96, 102). At still more proximal levels 
secondary tissues are present (Fig. 40). The largest 
specimens are regarded as axillary branches and are like the 
previously described stems at all but the most proximal 
levels. The basal scale-like leaves are typically absent 
ees the axillary branches, but closely spaced leaf traces 
can be identified in section view. Specimens with five or 
more leaves usually exhibit secondary xylem and phloem at the 


proximal levels. This indicates that no subsequent 
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internodal elongation takes place in this region. Primary 


sytem. “is “di ff voult<to. adenti fy Gn tthe’ basevofall “but*«the 
most well-preserved specimens (Fig. 107). More distally, 
the secondary tissues decrease in thickness, and the primary 
xylem strands become larger and more readily identifiable. 
The first 4 - 6 leaves produced at the base of the buds and 
branches are small and entire, but subsequently produced 
fronds exhibit pinnate dissection like the previously 
described foliar material (Fig. 104, 90-95). 

The Calltstophyton poroxylotdes stem apex described by 
Delevoryas (1956) was also studied in this investigation. 
The specimen can be distinguished from an isolated axillary 
bud by several features. All the preserved leaves of the 
bud are pinnately compound structures, and are in an 
apparently 2/5 arrangement (Fig. 100, 101). There is also 
some distance of internode preserved below the bottom of the 
most proximally attached leaf (Fig. 96). The primary body 
is immature throughout the specimen, and at only the most 
proximal levels are even protoxylem aranentes developed (Fig. 
96, 102). These features suggest that a significant amount 
of internodal elongation is possible at the base of the 
apical bud. The long internodal distances present in 
several more mature stems indicate that a large amount of 
interneaar elongation did in fact take place in many 
specimens. When viewed in transverse sections the pro- 
cambium of Callistophyton poroxylotdes appears as a 


cylinder, rather than a ring of isolated bundles (Fig. 96). 
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This is probably due to the fact that the mature primary 


bundles of this species are laterally adjacent. In compar= 
able sections of the Middle Pennsylvanian Callistophyton, 
where the bundles are not laterally confluent, one would 


expect to see” a ring’ of”*procambial® strands: 


Roots 


The roots of Calltstophyton have not previously been 
reported. The specimens described here-ares*.nuse are 
often attached in the axils of buds or branches (Fig. 105), 
but can also be identified when isolated. Roots may be as 
large as the stem that bears them (Fig. 35), but are 
usually much smaller (Fig. 108, 109). The largest known 
root specimen (Fig. 2) is assignable to C. poroxylotdes 
stems, and measures 1.2 cm in diameter. This, and other 
large roots (Fig. 6) exhibit abundant secondary tissue. 

The remainder of root specimens grade in size to minute 
rootlets with no evidence of secondary development (Fig. 
109). Some specimens branch profusely (Fig. 105) especially 
near the base. Others are apparently sparsely branched 
beyond the most basal levels. Branching is initiated 
opposite one of the two protoxylem points (Fig. 110), but 

no other consistent frequency or sequence of branching is 
evident. 

In transverse sections individual roots are exarch 
and diarch (Fig. 2). The primary xylem is surrounded by a 


zone of thin-walled cells that represent primary cortex 
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(Fig. 111). No primary phloem or endodermis could be 
identified. This may be due in part to the imperfect 
preservation of the small Callistophyton roots. (Fig..111). 
Cells of the cortical region are isodiametric in trans- 
verse sections, and some contain dark contents (Fig. 105, 
111). In longitudinal sections these cells are rectangular, 
and axially elongated 3 - 4 times their diameters. Cells 
with dark contents are often vertically aligned and super- 
ficially appear as resin canals. The outermost l - 2 

cell layers can be distinguished by an absence of internal 
contents, and may represent a poorly differentiated 
epidermis (Fig. 111, at arrow). 

Larger roots typically exhibit abundant secondary 
kissues, (Fig.) 354105). Secondary xylem is like that of 
the stem, except opposite the protoxylem strands (Fig. 2, 
6,1 211) .».Im these, areas, conspicuously. large, rays are 
produced in the place of radially aligned segments of 
tracheids (Fig. 2). In transverse sections these rays 
dissect the secondary wood into two distinct regions (Fig. 
6). Vascular cambium and secondary phloem like that of the 
stem surrounds the secondary xylem. This is in turn 
surrounded by a few layers of cortical cells, and periderm 
(Fig. 2, 6). In the Middle Pennsylvanian specimens many of 
the cortical cells are conspicuously large (Fig. 2) and 
distinct in transverse sections. This feature has not been 
observed in the roots of C. poroxyloides. The periderm is 


composed of several layers of radially aligned, thin-walled 
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cells (Fig. 2). In some specimens the periderm forms a 


continuous cylinder at the exterior of the root. In others, 
however, the periderm appears to be broken into segments 
when viewed in transverse sections. The segments are most 
widely separated at their outermost points, and are, 
therefore, probably broken apart by an increasing stem 
diameter. The periderm apparently originates in the mid- 
region of the primary cortex. This is evidenced by speci- 
mens with a small amount of secondary xylem. In these, the 
primary cortex is delimited into inner and outer zones, 
which are separated by a cellular discontinuity. The outer- 
most» d--\ 2; cell layers of the inner cortex of these speci- 
mens probably represent the first formed periderm cells. 
Periderm development is probably from a definite internal 
phellogen as evidenced by the radial alignment of peridermal 
cells. In this respect the development of the root periderm 


differs from the periderm in older stems. 


Primary Vasculature 


The primary vasculature of Callistophyton porozylotdes 
is described as consisting of leaf traces that enter the 
stem and pass basipetally (Delevoryas and Morgan, 1954). 

The number of bundles seen in stem cross sections is 
described as about 9. Individual traces are double stranded 
near the base of the leaf, and single stranded at more 


proximal levels. 


The pEary vascular system of C. poroxylotdes and the 
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Middle Pennsylvanian specimens have been examined in this 
study, and are found to be essentially the same (comp. Fig. 
44 and 47). The vascular system is interpreted as consist- 
ing of independent axial bundles or sympodia, and leaf 
traces. The sympodia extend axially through the stem, 

and each produces leaf traces. This is similar to the 
structure of many seed plants including Lyginopteris, 
Archaeopterts and those extant conifers with spiral phyllo- 
taxy (Scott, 1923; Namboodiri and Beck, 1968a; Beck, 1970). 
The terminology and leaf numbering system used is consistent 
with that of Namboodiri and Beck (1968a). In the preparation 
of vascular system reconstructions the most distal leaf is 
asSigned the lowest number, and more proximal leaves are 
assigned progressively higher numbers. Consequently, the 
earliest formed leaves, which one would expect to have the 
lowest numbers, are those with the highest numbers. This 
seeming inconsistency is the result of a convenient number- 
ing system for the study of stem apices, and can be somewhat 
confusing when trying to interpret mature stem specimens. 

It is, however, used in the present study so that one can 
readily make comparisons with previously described material. 
Callistophyton stems are examined in transverse section, 
with serial sections (Text Fig. 2) used to construct a 
composite diagram of the vascular system. Unfortunately, 
because of imperfect preservation of some stems and the long 
distance between nodes of others reconstruction of the 


primary vascular system cannot be made from any single 
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Text Paige © 


Primary vascular structure of Calltstophyton. 
Short segment of stem illustrating the 
pattern of bundle division between two nodes. 
Longitudinal diagram of bundles at center; 
numbers above bundles indicate successive leaf 
traces. Lines above leaf traces indicate 
vascular tissue to axillary buds or branches, 
and to adventitious roots. Serial transverse 
sections of stem, at left, to illustrate the 
primary bundle pattern at the indicated 
levels (CB-S-11). Transverse sections of 
stem, at right, to illustrate the primary 
bundle pattern in the Autun material (redrawn 
from Bertrand and Renault, 1886b). See text 
for more complete explanation. 
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specimen. To prepare such a diagram the pattern of the 


vascular bundles in short segments must first be determined. 
If a consistent pattern is found, it may be superimposed 
upon itself to reveal the structure of the vascular system. 
In Text Fig. 2 (at left) a specimen with two departing leaf 
traces is depicted as if the vascular cylinder were split 
open next to the departing leaf trace at the lower node, and 
layed out flat with the outer surface facing the observer. 
In this view nine bundles and a double leaf trace are 
present at the lower node. If the bundles are numbered 1 - 
9 from left to right, the following pattern is observed. 
Bundles 1 - 3, 7 and 9 extend undivided to the node above. 
Bundle 6 divides near the base of the internode, and bundle 
8 divides somewhere in the mid-region of the internode. 
Bundles 4 and 5 form the double trace of the leaf that is 
given off at the upper node. This pattern is consistent for 
all Middle and Upper Pennsylvanian specimens examined. Thus, 
if one assumes that the pattern between any two nodes is 
consistent within a single specimen, as it is in several 
other previously described seed plants (e.g. Lyginopterts, 
Scott, 1923; Stenomyelon, Calamopitys, Callixylon, Beck, 
1970; several extant conifers, Namboodiri and Beck, 1968a, 
1968b), then the primary vascular structure can be 

Pe iennee tiered, Text Fig. 3 represents the reconstruction of 
a section of vascular system composed of several nodes and 
internodes, and shows evidence of 14 leaf traces. The 


vasculature is seen to consist of 5 axial bundles (Roman 
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Text Fig. 3. Axial vascular system of Calitstophyton. The 
diagram is constructed by splitting the stem 
open next to a sympodium and laying it out flat 
with the outer surface facing the viewer. The 
system consists of five sympodia (Roman 
numerals at bottom), and leaf traces that are 
numbered consecutively from top to bottom. 
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numerals in Text Fig. 3) that produce leaf traces in a 2/5 


phyllotactic spiral (t.e. leaf trace #1 is directly above 
leaf trace #6; trace #2 is above trace #7; ete.). In trans- 
verse sections of stem specimens the division of an axial 
bundle to produce a leaf trace is first recognized by an 
enlargement of the bundle and by the division of the proto- 
xylem strand (Text Fig. 2). This is followed by a dichotomy 
of the bundle to form the leaf trace. The axial bundle 
continues distally for 5 nodes before again dividing to 
produce another leaf trace (Text Fig. 3). The leaf trace 
extends through approximately two and one half internodes 
and then divides to produce a double trace (Text Fig. 3). 
This double trace continues through another one and one-half 
internodes before entering the base of the leaf. Each leaf 
trace is, therefore, recognizable at a level that is four 
nodes below the base of the leaf it supplies (Text Fig. 3). 
The neath ec leaf trace divergence and the direction of 
ontogenetic spiral are the same (Text Fig. 3). This is 
consistent with the pattern in Lyginopterts (Scott, 1923; 
Beck, 1970), and those extant conifers that have 5 sympodia 
(Namboodiri and Beck, 1968c). The direction of spiral in 
Callistophyton is typically dextrorse (to the right in Text 
Fig. 3), but a few specimens exhibit a sinistrorse (to the 
left) spiral. One stem with a dextrorse spiral produces a 
bud with a sinistrorse spiral indicating that the difference 


is not of taxonomic value. 


A reconstruction of Callistophyton nodal vasculature is 
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presented in Text Fig. 4. At the level of leaf trace 


divergence those bundles that flank the departing leaf 

trace (Fig. 48, at large arrow points) undergo an unequal 
division (Text Fig. 2, 4). The smaller segment is produced 
toward the departing leaf trace. These two bundles extend 
distally in the axil of the leaf trace, and fuse to form the 
vascular tissue in the base of the root mass (Fig. 108, Text 
Fig. 4). Before the bundles fuse, however, each gives off 

a few tracheids that extend into the base of the axillary 
bud Or branch. (Fig. 48, at small arrow points; Text Fig. 2, 
4). For the sake of clarity these are depicted as discrete 
bundles in the text figures. In the actual specimens 
discrete bundles are difficult to identify below the fourth 
Gr fifth node of the bud or branch, (hig. 49)... At nodes of 
the stem where no roots are present the two strands diminish 
in size and terminate in the cortex above where the tracheids 


are given off to the base of the bud or branch. 
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Text Fig. 4. Stereo diagram of nodal vasculature with a 
leaf trace diverging at right. .Sympodia are 
indicated by Roman numerals at bottom, and 
agree with those in Text Fig. 3. Leaf traces 
are indicated by numbers at the top, and also 
agree with those in Text Fig. 3. Note the 
origin of traces to the axillary bud (narrow 
black lines) and adventitious roots from 
sympodia I and V. 
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OTHER CALLISTOPHYTON-LIKE PLANTS 


Several plants from Pennsylvanian sediments of North 
America and Permo-Carboniferous strata of France have a 
vegetative structure that compares closely with that of 
Calltstophyton. None of these, however, has ever been 
examined with regard to possible taxonomic relationships to 
the Callistophytaceae. Plants of this type include species 
of the genus Poroxylon Renault (1879b), Calamopttys kansanum 


Baxter and Roth (1953), and Lyginopterts sp. (Reed, 1926). 


The Poroxylaceae 


The family Poroxylaceae Renault (1879a) is represented 
by the single genus Poroxylon Renault (1879b). Specimens 
consist of stems with attached petioles, buds and branches, 
and associated roots. Simple, strap-shaped leaves are 
present in the same material, and have been assigned to the 
other Poroxylon remains by association and presumed 
anatomical similarity. On the basis of leaf morphology, the 
Poroxylaceae is currently recognized as a family of the 
Cordaitales. Nevertheless, the similarity of the other 
organs to the monostelic seed ferns has been recognized by 
several authors (Scott, 1900, 1923; Seward, 1917) anda 
close comparison to Callistophyton is reflected in the 
specific epithet of C. poroxryloides (Delevoryas and Morgan, 


1954). It also has been suggested that if the presently 
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56 
recognized Poroxylon leaves are found to belong to another 


plant then Poroxylon and Callistophyton may have to be 
combined (Delevoryas, 1962). 

There are currently three recognized species of 
Poroxyton. The type species P. boyssetti Renault (1879b) 
and P. edwardstt Renault (1880) are best known. A third 
species, P. stephanense Bertrand and Renault (1886a), is 
described in only one publication, and has not been figured. 
Two additional species P. duchartret Renault (1879b) (=Het- 
erangium) and P. sutelifftt Scott (1909) have been found to 
represent other kinds of plants and are not retained in the 
genus (Seward, 1917; Scott and Maslen, 1910). According to 
Renault (1879b, 1880) Poroxylon boyssetit and P. edwardstt 
occur at the same locality near Autun, France. The Poro- 
xylon material investigated in this study is from Autun. 
Specimens are either labelled Poroxylon edwardsit, or merely 
Poroxylon. All these specimens are specifically equivalent. 
Additional information on the structure and anatomy of 
P. boyssettt and P. edwardsii is found in several public- 
ations where numerous photographs and line drawings are 
presented (Renault, 1879b, 1880, 1893; Bertrand and Renault, 
1886b; Seward, 1917; Scott, 1923). As originally described 
these two species are extremely similar. They differ 
primarily in only one feature; the structure of the second- 
ary phloem (Renault, 1880). 

The Porpxylon material from Autun consists of stems, 


buds and branches, petioles and roots. In all aspects the 
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57 
features of these Poroxylon organs agree with those of 


Callistophyton. Poroxylon specimens also exhibit axillary 
branching, like thatbeadf CatiietophytoneCompy Figs bOFtr4,417). 
Stems of Poroxylon are typically slender (up to 2.3 cm in 
diameter); often with distantly spaced and slightly swollen 
nodes. In section view the stem consists of a parenchyma- 
tous pith surrounded by a ring of primary bundles and second- 
ary xylem (Fig. 45). The leaf traces consist of two adjac- 
ent primary bundles, and the primary xylem exhibits an exarch 
maturation as do the Middle Pennsylvanian specimens of 
Callistophyton (Fig. 39). The number and position of axial 
bundles as seen in transverse sections of both nodal and 
internodal levels are identical with those of Callistophyton 
(compy Pig? a44, (457-477) Texthrigrazheictherphyllotaxycof 
Porozylon has been examined and is interpreted as that which 
produces a 5/3 leaf arrangement (Bertrand and Renanace 
1886b). The diagrams of these authors, however, reveal that 
wedges of secondary wood rather than primary bundles were 
used in the phyllotactic interpretation (Fig. 198-200 of 
Bertrand and Renault, 1886b). The number and disposition of 
primary bundles at both nodal and internodal levels is 
identical with that of Callistophyton (Text Fig. 2). Con- 
sequently, the branch specimens are reinterpreted as having 
a 2/5 phyllotactic arrangement. 

Anatomically, the Autun Poroxylon specimens are similar 
to Callistophyton poroxylotdes, and identical with the Middle 
Pennsylvanian specimens. The anatomical features of Poro- 


xsylon are figures (Fig. 66-72) for comparison with those of 
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58 
the Middle Pennsylvanian Callistophyton (Fig. 57-65) and 


C. poroxylotdes (Fig. 50-56). As in the North American 
specimens, the primary bundles of Poroxylon have a strand 
of parenchyma with protoxylem elements positioned at its 
centripetal side (Fig. 39). Protoxylem elements exhibit 
wall thickening patterns of the spiral and scalariflorm 
type (Fig. 68). Metaxylem elements are positioned at the 
centripetal and lateral margins of the trace, indicating an 
exarch maturation pattern like that of the Middle Penn- 
sylvanian Calltstophyton specimens (Fig. 39). Metaxylem 
elements have either oval bordered pits, or reticulate wall 
thickenings (Fig. 68). The secondary xylem of Poroxyton 
consists of alternating files of radially aligned tracheids 
and xylem rays (Fig. 67). The tracheids are large and 
angular, with up to 6 rows of alternately placed bordered 
pits on the radial walls (Fig.,.66, 70). The rays are very 
high (Fig. 66), and most often biseriate (Fig. 69). In 
radial sections the ray cells are rectangular like those 
described for Callistophyton (Comp. Fig. 50, 57, 66). The 
secondary phloem of P. edwardsit is identical with that of 
Calltstophyton, with radial files of sieve cells and phloem 
parenchyma that alternate with phloem rays (Figs fa). In a 
radial plane the sieve cells and phloem ray parenchyma cells 
alternate. The secondary phloem of P. boyssetit is less 
prominent than that of P. edwardstt, and radial alignment 
of the cells is not evident (Fig. 13). There is also only a 


small amount of secondary wood in P. boyssetit (Fig. 13). 
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The presumed specific differences between P. boyssetit and 
P, edwardstt are therefore equivalent to the developmental 
differences among the Callistophyton stems described 
earlier. In this regard, these two Poroxyton species may be 
regarded as younger (P. boyssetitt) and older (P. edwardstt) 
parts of the same species, 

In section view the petioles and roots of Poroxylon are 
Pecitical wit those OL Catrtevophnyton. (Comp. Fig.,3,'4, 1), 
16; and 2, 6, 9). In section view the petiole of Poroxyton 
consists of a slightly adaxially arched, band-shaped trace 
with an abaxially placed band of secondary wood (Fig. 15). 
The trace is surrounded by a broad zone of thin-walled 
cortical cells, and a narrower outer zone of cortex with 
longitudinally disposed sclerenchyma strands. Like those of 
Calltstophyton, the roots of Poroxylon are diarch with a 
wide zone of secondary xylem, and a prominent ray opposite 
each protoxylem strand (Fig. 9). Secondary phloem and 
periderm are present at the outer margin of more mature 
roots (Fig. 9). Tétrarch roots have been reported for 
Poroxylon, but have not been found in attachment to the 
stems and have not been figured. Roots of this type have 
not been observed in this study, and may belong to some 
other type of plant. 

The other Poroxylon species, P. stephanense, Bertrand 
and Renault (1886a) is from deposits near Grand Croix, and 
is described as differing from other Poroxylon specimens in 


only minor respects. These include larger leaf trace 
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bundles, and more secondary wood in the petiole than was 
found in the previously described material. In Callisto- 
phyton, both these features are quite variable. This 
material may therefore be equivalent to the Autun species. 

The isolated leaves that are attributed to Porozylon 
are found in association with P. stephanense (Bertrand and 
Renault, 1886a). These leaves are described and figured by 
Renault (1893, Plate 75, Fig. 4-10). In section view, they 
are characterized by a band-shaped region of vascular 
tissue surrounded by a thick zone of parenchymatous cortex 
GRenaul t,,4u893,, Phabe 25, Big: j456:,4 3.0)... <The ground 
tissue also exhibits longitudinally oriented hypodermal 
fibers below a uniseriate epidermis. In these respects 
this foliage agrees with the structure of Poroxylon petioles. 
Agreement with Cordattes leaves is, however, more pronounc- 
ed. As in Cordattes, the foliar vascular tissue consists 
of several parallel bundles that are separated by cortical 
parenchyma (Renault, 1893, Plate 75, Fig. 4, 8). The trace 
of Poroxylon petioles consists of either a single bundle, 
or laterally adjacent strands (Fig. 15). A continuous band 
of secondary wood accompanies the trace of Poroxylon, while 
in the associated foliage and Cordattes leaves a separate 
patch of secondary wood accompanies each isolated bundle 
(Renault, 1893; Harms and Leisman, 1961). It may be noted 
that the epidermis of the associated foliage exhibits long- 
itudinally Benes rows of stomata between the hypodermal 


fibers. This is a feature of Cordattes leaves (Good and 
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Taylor, 1970). Stomata have not been observed in the 
peciotes* or cither Poroxzyion oral Ufstophyton. “The 
secondary tracheids of the foliage are quite narrow, with 
only (2° ="3. rows’ of “pits on the’ radial walls.’ This typeof 
secondary tracheid is typical of the secondary wood in 
stems and leaves of Cordattes. The secondary tracheids in 
the stems and petioles of Poroxylon are larger and exhibit 
4 - 6 rows of pits on the radial walls. In addition, the 
glandular cavities present in the ground tissue of 
Poroxylon are absent from the foliage. The above features 
clearly indicate that the associated foliage does not 
belong to the Poroxylon remains. On the other hand, the 
isolated foliage does agree closely with features of 
typical Cordattes leaves. This similarity is most pro- 
nounced when a comparison is made with Cordattes crassus 
Renault (1879b). In transverse section specimens of C. 
crassus exhibit hypodermal fibers accompanying the veins 
(Harms and Leisman, 1961). Sclerenchyma strands of this 
type are also present in the previously presumed Poroxyton 
foliage (Renault, 1893). No bundle sheath is described for 
this foliage, but tissue described by Bertrand and Renault 
as a later cambial zone (Bertrand and Renault, 1886b; 
Renault, 1893) surrounds each bundle, and agrees with the 
structure of the bundle sheath in C. crassus (Harms and 
Leisman, 1961). Since secondary tracheids are not present 
in the laminar parts of Cordattes leaves and the ground 


tissue of the French foliage is quite thick, the foliage 


odd ak bevieedo aged) vou ove 

edt snod ghost abs in to. nol yes 

igiw .woxrtSem stkep oe inonlted pory we ne 
9 sqys eid?  .ekiew Lethar oid no aig | | 

nk boow yrehaoose dt to haotera ied: B mt 

ok aebrodogad wadibieeale ont: seed bnbrod ‘to oon ah’ 3 

tidisixe bas weprel eae eo Rots te colotseg fat & 

edt \moidkbbs wi -etten Tether odd no atig Yo 

0 eueei? bawone oA at. sneao wy eattives 7 

2emusso2 evods oA? . spetlo® orid mow Jaoeda o38- 

ton s90b apat Lok batsiooaes ‘ont wane dant 

ont , died testo eit an Lani amet we RSS | | 

+o POLHIROS, tiv yleaolo serps % ops: 0 

-~o2g teon ad yiizreiioke. ll peta 

Ga GeRtS amt reheot: wit iwe eben ak ont ‘6 med th 

‘to Rreamrooqs noisooe on reveagas ws eee) a 

mixtev Sit? pedyasqnoopes: uapciaic?: ashe qed ate LAX | 

eitid to abaeate seytionaxetog nile J , 2 t o 
mol yeaTOT homer eleliotvang! 9a, Ok TERE, 

20% hedixoasb at Ad gente —— oun) 


an ls at 
iy is nee Bail 


62 


previously attributed to Poroxylon apparently represents 
the basal part of a Cordattes leaf; probably C. ecrassus. 
In this regard it is interesting to note that specimens of 
C. erassus were first described from material that yields 


the Autun Poroxylon remains (Renault, 1879b). 


Calamopittys kansanum 


Calamopttys kansanum Baxter and Roth (1953) is 
described from the Fleming Coal of southeastern Kansas. It 
occurs in the same material as some of the Middle Penn- 
sylvanian Calltstophyton specimens (Baxter and Roth, 1953). 
This species is represented by a single specimen that 
consists of a short section of stem (Baxter and Roth, 1953). 

The preserved stem section represents an area located 
just below a node, where a leaf trace ("reparatory strand" 
of Baxter and Roth, 1953) is separating from the stele 
(Fig. 7). The specimen is identical in all respects with 
smaller Middle Pennsylvanian Callistophyton stems from 
Illinois, Kentucky and Kansas. It consists of a parenchy- 
matous pith surrounded by 9 primary bundles and the leaf 
trace (Fig. 46). No secondary wood accompanies the trace 
in this specimen. Several rows of radially aligned 
tracheids and xylem rays surround the pith area. The 
cambium, phloem and inner primary cortex are crushed and 
poorly preserved. A narrow zone of sclerenchymatous primary 
cortex forms the outer margin of the stem. A single out~- 


ward projection from the cortex (Fig. 7, at arrow) is 
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63 
preserved in this specimen, and conforms to the structure of 
the cortical appendages of the other Middle Pennsylvanian 


Calltstophyton specimens. 


Lygtnopteris sp. 


A small apparently decorticated stem fragment from 
Upper Pennsylvanian deposits of Illinois has been tentative- 
ly identified as Lygitnopterts sp. (Reed, 1926). The 
Specimen measures 4 mm in diameter, and consists of a 
parenchymatous pith surrounded by primary xylem bundles and 
secondary wood. Maturation of the primary xylem is mesarch, 
and the primary bundles are directly adjacent to one 
another as in Calltistophyton poroxylotdes. The stem 
fragment exhibits a continuous zone of secondary wood 
around the pith area as in an internodal section of C. 
poroxylotides. Rie the specimen is from deposits that are 
stratigraphically and geographically equivalent to those 
that bear C. poroxylotdes it may be regarded as a poorly 


preserved specimen of the latter. 
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TAXONOMIC CONCLUSIONS 


From the preceeding comparisons it is clear that the 
plantsmpreviously described as Poroxylon boyssetit, P. 
edwardsit, Calamopttys kansanum and Lyginopteris sp. (Reed, 
1926) are generically equivalent to specimens of Calltsto- 
phyton. Ordinarily Poroxylon Renault (1879b) would have 
priority and Callistophyton Delevoryas and Morgan (1954) 
would be regarded as a synonym. In this instance, however, 
the generic name Poroxytlon was first used for a fossil 
coniferous wood fragment from the Tertiary of Germany 
(Andrae, 1850). Poroxylon Renault must therefore be regard- 
ed as a later homonym of Poroxylon Andrae, and Callistophyton 
Delevoryas and Morgan (being the ranking synonym) becomes 
the valid generic name. Callistophyton poroxyloides 
Delevoryas and Morgan (1954) may be regarded as the type 
species, with Lyginopterts sp. (Reed, 1926) being a speci- 
men of the species. The Middle Pennsylvanian Callistophyton 
material, together with specimens previously described as 
Poroxylon boyssetit, P. edwardsii and Calamopitys kansanum 
represent a second species of Callistophyton. Among the 
names used for this species Poroxylon boyssetit Renault 
(1879b) has priority. The species is therefore designated 
as the new combination, Callistophyton boyssetii: 

Material described as Poroxytlon stephanense Bertrand 


and Renault (1886a) from Stephanien age deposits of France 
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may represent additional material of Calltstophyton boyssettt. 


At present, however, it is so poorly known that Poroxylon 


stephanense must be regarded as a dubious species until 


such a time as the original material becomes available for 


re-examination. 
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SYSTEMATIC SECTION 


CLASS: PTERIDOSPERMOPSIDA Oliver and Scott, 1904. 


FAMILY: CALLISTOPHYTACEAE Stidd and Hall, 1970b. 


CALLISTOPHYTON Delevoryas and Morgan, 1954. Diagnosis 
| emend.--Plants with slender stems, producing pinnately 
compound fronds and axillary buds or branches at each node. 
Adventitious roots present at some nodes. Stems 

up to 3 cm in diameter, constructed of central pith 
surrounded by primary xylem bundles. Bundles number 9 - 13 
in section view, consist of 5 axial bundles and leaf traces. 
Leaf traces double stranded at leaf base. Cortex composed 
of thick parenchymatous inner zone, and outer zone with 
hypodermal fibers. Secondary tissues well developed in 
older stems; absent from stem, branch and bud apices. 
Secondary xylem of large tracheids, rays 1 - 5 cells wide. 
Distinct vascular cambium with fusiform and ray initials. 
Secondary phloem.of rays alternating with radial files of 
sieve cells and phloem parenchyma. Periderm typically 2 - 
5 layers of radially aligned cells; thick zone of randomly 
arranged cells in largest specimens. Ovoid-spherical 
secretory cavities with epithelial lining and occasional 
amber-colored contents present in primary ground tissue of 


all plant organs. Leaves typically bi- to quadripinnately 
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compound with occasional dichotomous branching of petiole. 
Leaves at base of buds and branches simple, scale-like. 
Rachis and pinnae traces band-shaped in transverse sections. 
Continuous band of secondary wood accompanies petiole trace 
in some specimens. Pinnules with lobed margin; constricted 
at base. Ultimate veins branch dichotomously. Roots 
Gdiarch. Secondary vascular tissue like that of stem; a 
prominent ray opposite each protoxylem strand. Periderm 
of radially aligned cells. Pollen organs abaxially borne 
on laminar fronds; synangiate with monosaccate, sulcate 
pollen. Ovules bilateral with free nucellus; vascularized 
by two integumentary strands and basal nucellar disc. 


Ovule attachment unknown. 


Type species: Callistophyton poroxylotdes Delevoryas and 


Morgan, 1954. 


SYNONYMY 
1879 Poroxylon Renault. Structure Comparée de 
Quelques Tiges de la Flore Carbonifére. Nouvelles 
Archieves du Muséum d'Histoire Naturelle. Tome 
deuxieme. Libraire de l'Académie de médecine, Paris. 


p. 272. (non Poroxzylon Andrae, 1850). 


CALLISTOPHYTON POROXYLOIDES Delevoryas and Morgan, 
1954. Diagnosis emend.--Characteristics of species those 


of genus. Primary xylem development mesarch. Cortical 


appendages having constricted base and inflated tip; 
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apparently grandular. Secondary tracheids with up to 7 rows 


of bordered pits on radial walls. 


Collecting localities: Berryville, Calhoun, New Calhoun, 
Dixyurbimnois: 


Age: Upper Pennsylvanian. 


SYNONYMY 
1926. Lygtnopterts sp. Reed. Flora of an Illinois 


Coal bald...) Bot. Gaz. 81: 466-467. Fig. 14, 


Caltltstophyton boyssetit* (Renault) Rothwell comb. nov. 
Diagnosis--Characteristics of species those of genus. 
Primary xylem development exarch. Cortical appendages 
spine-like, having broad base of large cells and tapering 
to pointed apex of small, thick-walled cells. Secondary 
tracheids having up to 6 rows of bordered pits on radial 


walls. 


Collecting localities: Sahara, Pit #11, Illinois; West 
Mineral, Kansas; Providence, 
Kentucky; Autun, France. 
Age: Middle Pennsylvanian, North America. Upper Carboni- 
ferous (Lower Permian?), France. 


Basionym: Poroxylon boyssett Renault (1879b). 


* To be validated later by publication. 
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SYNONYMY 
L879. Poroxylon boysseti7. Renault. Structure 
Compareé de Quelques Tiges de la Flore Carbonifére. 
Nouvelles Archives du Museum d'Historie Naturelle. 
Tome deuxieme. Libraire de 1'Académie de médecine, 


Parl S276 =—276:,) Pies? Fig. S-13'. 


1880. Poroxylon edwardstt. Renault. Sur une nouvelle 
espece de Poroxylon. Compte Rendu des Séances de 


L'académie des Sciences. 91: 860-861. 


WI538."iCalamopttys Kansanum. Baxter and Roth; The coal- 
age flora of Kansas. IV. Calamopttys kansanum, a new 
species from the Pennsylvanian of Kansas. Trans. 


KanSas Acad. Sci. 56: 220-226. 


‘ 2 ; ‘all # i 
7 4 ~ aa r a es 7 ; 
ij As oie: 


to we 


Wit 16 cio 8 va “88 om 


i poco bats 
i 


ve oe “Se i we 


, te ROT ‘he “ 


OR a a Nat iis xd 
Ce rer ey nee, 0 am ocd 


DISCUSSION 


Relationship of Vegetative Organs 


The vegetative features of Calltistophyton may be 
favorably compared to those of several other Paleozoic 
plants. The most striking similarities are with other 
monostelic seed ferns, but common features can also be 
found with the "polystelic" pteridosperms and cordaital- 
eans. The apparently scrambling and shrubby habit of 
Calltstophyton (Text Fig. 1) is comparable to that proposed 
for the monostelic seed fern, Lyginoptertis Potonié (1897) 
(Scott, 1923). Stems with a small diameter and little or 
no reduction in size toward the distal end suggest that 
several other members of the monostelic Lyginopteridaceae 
and Calamopityaceae may have had a similar habit. Plants of 
this type include Heterangtum Corda (1845), Rhetinangtum 
Gordon (1912), Schopfiastrum Andrews (1945), Calamopitys 
Unger (1856), and Stenomyelon Kidston and Gwynne-Vaughan 
(1912). Many other Paleozoic seed plants have a much 
larger stem diameter and apparently more upright or 
arborescent habit. These include the monostelic seed fern 
Pitus Witham (1833), the "polystelic" seed ferns Medullosa 
Cotta (1832) and Sutcliffia Scott (1906), and the cordaita- 
lean genera Cordaites Unger (1850) and Mesoxylon Scott and 


Maslen (1910). Fern-like leaves and adventitious root 
70 
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production are characteristic of Calltstophyton and several 
other seed ferns (t.e. Lygtnopterts, Heterangtum, Medullosa), 
but are not typical of the Cordaitales. On the other 
hand, axillary branching is a feature of Cordaites and 
Mesoxylon as well as Calltstophyton and Lyginopteris. 
In*section view the stems of Calltstophyton are 
constructed of a parenchymatous pith surrounded by a ring of 
primary bundles. The stele is enclosed by a broad zone of 
primary cortex. The secondary wood consists of large 
tracheids with prominent, typically biseriate rays. A 
definite vascular cambium with distinct fusiform and ray 
initials and abundant secondary phloem are found in well- 
preserved, older stems. All these features compare favor- 
ably with those of Lygtnopterts and are quite similar to 
those of Calamoptitys. Some species of Calamopttys, however, 
have more compact secondary wood with smaller tracheids 
and rays, and more massive primary xylem strands with a less 
well developed pith. In Pittus the tracheids and many of 
the rays are much smaller than those of Callistophyton. 
Other rays are up to 8 cells wide, but only a few cells in 
height. Several other monostelic seed ferns (7.e. Heteran- 
gium, Rhettnangtum, Schopftastrum) have secondary wood and 
other anatomical features like those of Callistophyton, but 
are characteristically protostelic. Stems of Medullosa and 
Suteliffia are also anatomically similar to Callistophyton, 
but are protostelic and appear in transverse sections to 


have either two or more steles, or one main stele 
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surrounded by subsidiary steles. The vascular cambium of 
Medullosa is indistinct with no clear differentiation of 
fusiform and ray initials, while that of Suteliffia is 
unknown. Other anatomical features such as resin canals or 
resin cavities are found in the lyginopterid and medullosan 
pteridosperms as well as Calltstophyton, but are character- 
istically absent from the cordaitaleans. Cortical append- 
ages in the form of capitate glands are found in both 

Calltstophyton poroxylotdes and Lygitnopterts. The stem 
Peries inne Of Cordaites and Mesoxylon is similar to Calltisto- 
phyton, but the secondary wood is much less compact in the 
latter. The pith of the cordaiteans is also distinct, with 
the tissue restricted to septa rather than uniformly 
parenchymatous as in Calltstophyton. The primary cortex of 
most Paleozoic seed plants is constructed of an inner 
parenchymatous zone and an outer zone with longitudinally 
oriented hypodermal fibers. This structure is found in the 
_monostelic seed ferns, the "polystelic" seed ferns, and the 
cordaiteans as well as Calltstophyton. In Lyginopteris and 
Pitus the fibers anastomose frequently, forming what 
appears as a meshwork in tangential sections. In the other 
forms this feature is not apparent. 

Of those Paleozoic seed plants with a well developed 
pith surrounded by primary bundles, the primary vascular 
structure of Callistophyton is most eae to trhat of 
Lyginopteris. In both genera there are five independent 


axial bundles that produce leaf traces in a 2/5 phyllotactic 
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as 
spiral. The leaf traces of both divide and are double 
stranded at the level of the leaf base. Several species of 
Stenomyelton and Calamopttys also exhibit a 2/5 phyllotaxy, 
but are either protostelic or have interconnected axial 
bundles (Beck, 1970). One exception is Calamopitys foerstet, 
where the interconnections are incomplete (Beck, 1970). 
Transverse sections of the primary xylem of Pitus, Cordattes ~ 
and Mesoxylon appear similar to those of Callistophyton. [In 
the former genera, however, there are a much larger number 
of primary bundles, and presumably a more complex phyllo- 
tactic spiral. The courses of the axial bundles have not 
been determined in Pttus or the cordaitean genera, but the 
leaf traces are known to divide more than once while 
in the stem. Consequently, there are 3 - 6 traces in the 
leaf base of Pitus (Long, 1963) and 4 - 8 traces at compar- 
able levels of Cordattes and Mesoxylon. 

The leaves of Callistophyton are most like those of 
the lyginopterid pteridosperms. Individual leaves are 
pinnately dissected fern-like fronds, and would be referr- 
able to Sphenopteris or Martopterts if found in the 
compressed state. Dichotomous branching of the rachis is 
characteristic of lyginopterid seed ferns, but occurs only 
rarely in Callistophyton. Internally, Callistophyton 
fronds and those of Lyginopterts, Rhetinangtum, and Schop- 
ftastrum have massive petiole traces, but the trace of 
Calltistophyton is collateral, while the others are probably 


concentric. In Heterangium and in the Calamopityaceae 
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(e.g. Kalymna) several smaller traces are typically present 
in the petiole. The leaves of the medullosan pteridosperms 
are also pinnately dissected fern-like fronds with a 
dichotomously branching rachis, but are typically quite 
large and of the Weuropterts or Alethopteris compression 
types. Internally, the rachis is characterized by a large 
number of small traces. ' The fronds of Pitus (e.g. Lyginor- 
achts paptlto, Long, 1963) have an overall structure like 
those of the Lyginopteridaceae, but the pinnule configur- 
ation is unknown. Above the most proximal levels there is 
one masSive trace, but the bundle is probably concentric. 
The leaves of Cordattes and Mesoxylon are unlike those of 
either Calltstophyton or any other known Paleozoic pterido- 
sperm. Individual cordaitean leaves are simple strap- 
shaped structures with a smooth, entire margin. Internally 
there are a large number of smali, collateral bundles 
present in transverse sections. 

The roots of Callistophyton are diarch with no primary 
xylem parenchyma. Those of Lyginopterts have 4 - 8 proto- 
xylem strands and a large amount of parenchyma at the 
center of the stele. The roots of Heterangtum are more 
like those of Callistophyton, with 2 - 3 protoxylem strands, 
and broad rays in the secondary wood opposite the proto- 
xylems. The structure of the roots of Rhetinangtum and 
Sechopftastrum are unknown. The roots of Medullosa have a 
variable number of protoxylem strands, with 3 (M. angltea, 


Scott, 1899) or 4 (Hoskins, 1931) being the most common. 
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The TOOts Of Cordaitean plants (e.g. Amyelon) are also 
characterized by a variable number of protoxylem strands. 
Some have primary xylem composed entirely of tracheids, but 
others have a prominent zone of thin-walled cells at the 
center of the stele. The secondary wood of these latter 
roots is comparable to that of the stems, and is, therefore, 
much more compact than the wood of Calltistophyton roots. 
Among presently recognized forms of Paleozoic gymno- 
sperms the vegetative features of Callistophyton compare 
most closely to those of other monostelic seed ferns, 
and particularly those of Lyginopterts. The overall habit 
as well as the structure and anatomy of the stems and 
leaves are remarkably similar in Calltstophyton and Lygino- 
pteris. Even the primary vascular system and branching 
pattern are the same. One can easily understand why Callts- 
tophyton was originally assigned to the Lyginopteridaceae. 
Indeed, if the fertile parts of Lygitnopterts and Callisto- 
phyton were unknown, one would be inclined to regard them 
as two very closely related genera. Examination of the 
fertile structures of Callistophyton, however, reveals that 
they are totally unlike those of the Lyginopteridaceae, and 
also unlike those of any other previously described, 


structurally preserved pteridosperm. 


Relationship of Reproductive Structures 


Prior to the recognition of the fertile structures of 
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Text Fig. 
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Reproductive structures of Paleozoic 
gymnosperms. The figures from top to bottom 
are mid-longitudinal and mid-transverse 
section views of ovules, mid-longitudinal 

and mid-transverse section views of pollen 
producing structures, and pollen grains with 
the proximal surface oriented upward. 

Figures are not to scale. Vascular tissue is 
represented by dashed lines in the longitud- 
inal sections, and by large black dots in 

the transverse sections. In the ovules the 
stippled areas represent integument, and the 
inner lines represent nucellus and pollen 
chamber. The nucellus is included only where 
it is separated from the integument. In the 
pollen producing structures the stippled 
areas represent ground tissue. Stippled 
areas of the pollen grains represent bladders. 
The arrows above the grains indicate proximal 
(upward) or distal (downward) germination of 
the grains. 


The structures from left to right are those of 
cordaites and conifers (under C - C); those of 
the Callistophytaceae (under C); those of 
monostelic seed ferns in the Lyginopteridaceae, 
Calamopityaceae and Pittus (under M); and those 
of the polystelic seed ferns (under P). 
Cardtocarpus. 

Callospermarton pustllum. 

Conostoma. 

Pachytesta (redrawn from Taylor, 1965). 


Cordatanthus fertile scale (redrawn from 
Florin gy 9 51) 


Idanothekton glandulosum. 


Telangtum secotti (drawn after description of 
Benson, 1904). 


Heterotheca grtevit (redrawn from Schopf, 
1948). 


Florinttes (redrawn from Schopf, Wilson and 
Bentall, 1944). 


Vesteaspora (redrawn from Millay and Eggert, 
ERO) 


Spherical or ovoid, and trilete prepollen 
grain. 


Oblong, monolete prepollen grain. 
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Callistophyton the reproductive organs of structurally 
preserved Paleozoic gymnosperms could be placed in three 
general categories. These include the structures associated 
with the monostelic seed ferns, those associated with the 
"polystelic" seed ferns, and those belonging to cordaites 
and conifers. The structure of these organs together with 
those of Callistophyton are presented in Text Fig. 5. 
Ovules,, pollen bearing.structures,.and.pollen, grains 

are included so that comparisons can be made between the 
groups. A fourth feature, position of the ovules and pollen 
bearing structures, cannot be conveniently figured, but is 
included in the following discussion. 

Based on structure, isolated Paleozoic ovules have 
been placed in three form orders; the Trigonocarpales, the 
Lagenostomales, and the Cardiocarpales (Seward, 1917). 

Among structurally preserved Paleozoic remains the Trigono- 
carpales are generally assigned to the medullosan pterido- 
sperms, while the Lagenostomales are assignable to the mono- 
stelic seed ferns (i.e. Lyginopteridaceae, Calamopityaceae, 
Pttus). Structurally preserved specimens assignable to the 
Cardiocarpales are traditionally assignable to Paleozoic 
cordaites and conifers. The discovery of similar compress- 
ion forms in attachment to (Grand'Eury, 1905; Seward, 

1917; White, 1904; Cridland and Morris, 1960) 

or close association with (t.e. Delevoryas and Taylor, 
19:6.9,) pteridospermous type foliage, however, suggests their 


production by seed ferns as well. Specimens of the 
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Trigonocarpales are radially symmetrical and typically 
three-angled in transverse sections. The nucellus is 
attached to the integument at the base and free at more 
distal levels. The pollen chamber is of a relatively simple 
type with an undifferentiated wall and usually no organized 
floor. Vascular tissue is present in the sarcotesta (outer 
soft layer) of the integument, and in the nucellus from the 
base to the level of the base of the pollen chamber. 
Petrified ovules have not been found in attachment to 
vegetative structures, but compression specimens are known 
to have been borne on foliar fronds (Halle, 1933). . Lageno- 
stomalean ovules are typically radially symmetrical, but 
some platyspermic forms are also known. The nucellus is 
typically attached to the integument at the base and at the 
sides up to the level of the pollen chamber. The pollen 
chamber is a relatively complex structure, with an 
organized floor region and a pollen chamber wall with a 
typically specialized apex (Rothwell, 1971). The vascular 
tissue is located in the endotesta (inner soft layer) of 
the integument only. No tracheids are present in the 
nucellus. Lagenostomalean ovules are known to have been 
loosely enclosed in a structure referred to as a cupule. As 
originally defined, this group of ovules was tcnougat to 
have been borne on the foliar fronds of lyginopterid oe 
sperms. More recently, however, ovules of this type 
(Sporne, 1965) have also been found in association with the 


Calamopityaceae and Pitus (Long, 1963), and compression 
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specimens indicate an attachment to the probable fronds of 
Pitus (Long, 1963). Until recently, petrified specimens of 
the Cardiocarpales were regarded as ovules of the Cordait- 
ales or Coniferales. Specimens of this type are bilaterally 
symmetrical and flattened. The nucellus is attached to the 
integument at the base and free above as in the Trigono- 
carpales. The pollen chamber is also like that of the 
latter group, with an undifferentiated wall and no organized 
floor region. Vascular tissue is present in the sarcotesta 
of the integument where it usually consists of two vascular 
strands. Tracheids are also present in the nucellus, but 
unlike specimens of the Trigonocarpales, are restricted to 
the base. Unlike the previously described ovule types, 
specimens assignable to the cordaites and conifers are born 
inacompound conesserestrobila,(Fiorin, 1951).7 7More-recent- 
ly, some small ovules of this type have been suggested as 
having pteridospermous affinities (e.g. Taxospermum undula- 
tum Neely, 1951; Callospermartion pustllum Eggert and Delevo- 
ryas, 1960), and Callospermarion has been proposed as the 
ovule of Callistophyton poroxylotdes (Stidd and Hall, 
1970b). Although Callospermarton agrees with all the 
structural features of the other members of the Cardio- 
carpales, it is not known to have been borne in a cone. The 
only evidence of the attachment of this ovule is that of 
Stida and Hall (1970a), where a single specimen is describ- 
ed in attachment to a stalk-like structure. Unfortunately, 


the stalk-like structure is not attached, and it is also 
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not recognizable as any previously described structure that 
is assignable to Calltistophyton poroxylotdes. Nevertheless, 
the association of the ovules with the vegetative remains 
together with anatomical similarities (t.e. presence of 
secretory cavities in the integument of Callospermarton) and the 
presence of Calltstophyton-type pollen (t.e. Vesteaspora) 

in the pollen chamber, strongly suggests that the inter- 
pretation is correct. In this regard, one can consider 
Calltstophyton to have produced ovules that are unlike 
those known for any previously described, structurally 
preserved, Paleozoic pteridosperm. While at the same time, 
these ovules are essentially the same as those produced by 
Paleozoic cordaites and conifers. 

The pollen producing structures of the "polystelic" 
seed ferns, the monostelic seed ferns, and Calltstophyton 
are all referred to as pollen organs, and were all 
presumably born on foliar fronds. The structure of the 
pollen organs and the mode of attachment to the frond are, 
however, distinct in each group. The pollen producing 
structures of Paleozoic cordaites and conifers were 
stobili or cones. In the conifers the cones were simple, 
while in the cordaites the cones were compound (Florin, 
O51). 

Petrified pollen organs of the polystelic seed ferns 
(e.g. Dolerotheca Halle, 1933; Rhetinotheca Leisman and 
Peters, 1970; Halletheca Taylor, 1971) consist of large, 


tubular sporangia that are fused into a synangium. The 
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sporangia are often imbedded in parenchymatous, or parenchy- 
matous and sclerenchymatous ground tissue. Sporangial 
dehiscence is either terminal (t.e. Dolerotheca Schopf, 
1948), or there is no evidence of a specialized dehiscence 
mechanism (t.e. Rhetitnotheca Leisman and Peters, 1970; 
Halletheca Taylor, 1971). These pollen organs are relative- 
ly large; typically measuring over one centimeter long. Of 
the above forms only Dolerotheca has had its position on the 
plant determined (Ramanujam and Stewart, in press). This 
pollen organ is attached to a medullosan frond with Myelo- 
xylon-type pinnae anatomy, and Alethopterts-type pinnules. 
The pollen organs are found in the position that would 
normally be occupied by a penultimate pinna and its 
attached pinnules. The pollen organs of the monostelic seed 
fers (e.g. Croseorneca, Acitier, 0837 Telangtum Benson, 
1904; Telangtopsts Eggert and Taylor, 1971) are typically 
nevi than those of the medullosans; often measuring only 
about 1 - 5 mm long. Individual pollen organs are 
constructed of several sporangia that are fused at the base 
or fused to a basal stalk. The sporangia are either 
arranged in a ring, or in two parallel rows, and some may 
have been bilocular (Scott, 1923; Eggert and Taylor, 1971). 
The sporangia are elongate structures that either show 
evidence of longitudinal dehiscence (e.g. Telangtopsts) or 
no dehiscence mechanism. Pollen organs are borne on the 
terminal segments of fronds, or parts of fronds, without 


‘laminar pinnules. The pollen cones of the cordaites (e.g. 
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Cordatanthus Grand-Eury, 1877) are constructed of a central 
axis that bears secondary axes in the axils of bracts 
(Florin, 1951). The secondary axes bear spirally arranged 
appendages referred’ to as scales (Florin, 1951). Some of 
the more terminal scales are fertile and bear at their tips 
2 - 6 sporangia. The sporangia are elongate and arranged 
in a ring, and are fused at the base. Individual sporangia 
dehisce by a longitudinal slit located in the inwardly 
directed sporangial wall. A single vascular bundle from the 
tip of the scale divides producing a vascular strand that 
enters the base of each sporangium. The pollen organs of 
Callistophyton (e.g. Idanothekton Millay and Eggert, 1970; 
Calltandrtum Stidd and Hall, 1970a) are constructed of a 
ring of elongate sporangia that are laterally fused to near 
their distal ends. Proximally, the sporangia surround a 
column of tissue known as the central column, and distally 
they surround a hollow. Dehiscence is by a longitudinal 
slit located on the inwardly directed wall as in Cordatan- 
thus sporangia. The pollen.organs are borne on the abaxial 
surface of apparently unmodified Callistophyton pinnules 
(Stidd and Hall, 1970a; Rothwell, 1972b). A single 
vascular bundle of the pinnule bends abaxially and enters 
the central column of each pollen organ. In Idanothekton 
a single vascular strand extends from the central column 
region, into each sporangium. 

At first glance, the pollen organs of Callistophyton 


appear more like those of other pteridosperms than the 
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pollen producing structures of the cordaites. The 
relatively unfused, bilocular sporangia of Crossotheea, and 
the large, tubular sporangia of medullosan pollen organs 
that are imbedded in ground tissue are, however, quite 
distinct from Calltstophyton pollen organs. If one compares 
the structure of the sporangia at the tip of a fertile 
Cordatanthus scale to a Calltstophyton pollen organ, 
several similarities can be seen. In both cases the 
sporangia are elongate structures that are arranged ina 
ring. The sporangia of both dehisce by a longitudinal slit 
located on the inwardly directed wall. In Cordatanthus the 
sporangia are fused at only the base, while the Callisto- 
phyton pollen organs are laterally fused to near the tips, 
and proximally surround a central column. In both Corda- 
tanthus and Idanothekion there is a vascular strand that 
enters each sporangium. In the former, however, the strand 
is present at only the base, while in the latter the 
strands extend to near the sporangial tips. Vascular 
tissue is absent from the sporangia of Callandrium. There 
is also no vascular tissue at the base of the Cordatanthus 
sporangia that is comparable to the vascularized central 
column of the Callistophyton pollen organs. An additional 
distinction between the pollen organs of Callistophyton and 
the sporangia of Cordatanthus is the position of attachment. 
In Callistophyton the pollen organs are borne on the 
abaxial surface of a laminar pinnule, while the sporangia 


of Cordatianthus are terminally placed. 
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The pollen of Calltstophyton and Paleozoic conifers 

and cordaites is constructed of a central body surrounded 
by an ovoid or bilobed air bladder or saccus. The saccus 
is typically ornamented by an internal reticulum. Germin- 
ation of these pollen grains is considered to be distal as 
in living conifers. Some cordaite or conifer grains exhibit 
a trilete suture on the proximal surface. This feature is 
absent from others, and also Calltstophyton grains. One 

other distinction of Calltstophyton grains is the presence 
of a distal sulcus or germinal furrow. This feature is 
present in more recent fossil and extant bisaccate conifer 
grains but is absent from Florinttes grains. The grains 
of the polystelic- and monostelic seed ferns can be easily 
distinguished from those discussed above. Grains of this 
type are considered to have proximal germination, and are 
therefore referred to as prepollen (Schopf, 1938). Grains 
of the monostelic seed ferns are typically spherical or 
ovoid with a trilete suture. Prepollen of medullosan 
pteridosperms is characteristically oblong in shape with a 


monolete suture (Text Fig. 5). 


Phylogenetic Significance of the Callistophytaceae 


Much of our present understanding of the evolution of 
gymnosperms is derived from studies of the late nineteenth 
and early twentieth centuries (Arnold, 1948; Chamberlain, 


1935). Workers of the time were impressed by the 
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distinctive characteristics of the two most prominent groups 
of extant gymnosperms; conifers and cycads. Known fossil 
evidence of the time suggested that each group could be 
traced as far back as evidence could be found. These ideas 
were probably most concisely stated by Chamberlain (1935) 
in the recognition of two separate lines of gymnospermous 
plants; the coniferophytes and the cycadophytes. Taxa that 
are included among the coniferophytes include the Cordait- 
ales, Coniferales, Ginkgoales, and Gnetales (Chamberlain, 
1935). The coniferophytes are characterized as large, 
profusely branched plants with simple leaves. In section 
view the stems have a small pith, abundant wood and scanty 
cortex. The reproductive structures are borne in strobili 
or cones. The pollen cones are either simple or compound, 
but the ovulate cones are characteristically compound. 
According to Chamberlain (1935) the cycadophytes are 
represented by the Cycadofilicales (=Pteridospermales), 
Bennettitales (=Cycadeoidales), and Cycadales. This group 
is characterized by usually small, unbranched plants with 
pinnate leaves. In section view the stems have a large 
pith, scanty wood’ and thick cortex. The reproductive 
structures are borne on leaves or leaf-like organs. In the 
Cycadeoidales and Cycadales the ovulate reproductive 
structures are interpreted as being aggregated into simple 
cones (Chamberlain, 1935). Among extant gymnosperms, the 
cycads and conifers can be further divided by the structure 


of the male gametophytes and the behavior of the male 
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gametes. In conifers the pollen produces a pollen tube 
that carries the nonmotile sperm to the egg. In the 
cycads the pollen tube is apparently only an haustorial 
structure. The pollen produces motile, ciliated gametes 
that are released in the pollen chamber and swim to the egg. 

As a member of the Pteridospermales, the Callisto- 
phytaceae may be regarded as a family of cycadophytes. In 
respect to the above features, the vegetative organs. of 
Calltstophyton compare favorably with the structure of a 
typical cycadophyte. The plants are relatively small and 
have pinnately compound leaves. In young stems the pith is 
relatively large and the cortex is quite thick. Other 
features, however, do not conform to the expected pterido- 
sperm characteristics. These include the much-branched 
nature of the stems (t.e. an axillary bud or branch present 
at each node) and the large amount of secondary wood present 
in older stems. Like typical cycadophytes, the pollen 
producing organs of CGallistophyton are borne on leaves. 

As yet it is not known how the female organs were borne. 
The reproductive organs themselves are unlike 

those of other presumed Paleozoic cycadophytes. On the 
contrary, they are very much like those of Paleozoic 
coniferophytes. These similarities are most striking in 
the structure of the ovules (compare Cardtocarpus and 
Callospermarion in Text Fig. 5) and the true pollen 
(compare Florinites and Vestcaspora in Text Figet 5)% 


Although less obvious, the structure and arrangement of 
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Callitstophyton pollen organs and a group of cordaitean 
sporangia are quite similar (compare the fertile scale of 
Cordatanthus with Idanothekion in Text Fig. 5). They differ 
primarily in only the degree of sporangial fusion and the 
extent of vascularization. One additional similarity of 
Callistophyton and some coniferophytes is the structure of 
the male gametophyte. The pollen of Callistophyton is 
known to have produced a branched pollen tube that is 
comparable to the sperm carrying pollen tubes of some 
extant conifers (Rothwell, 1972a). 

As with most ideas concerning the phylogeny of major 
plant groups, an ever increasing body of evidence relating 
to gymnospermous plants necessitates a constant reevaluation 
of the group. Some initially inherent problems with the 
"coniferophyte-cycadophyte" interpretation of gymnosperm 
phylogeny are found among the extant forms. The Gnetales 
are placed in the coniferophytes because their fertile 
parts are borne in compound strobili similar to those of 
the Cordaitales and Coniferales. Of the gnetalean genera, 
however, Ephedra and Welwitschta are small plants, and 
Welwttschta is virtually unbranched. In addition, ovules 
produced by members of the Gnetales exhibit a double 
integument, a feature known elsewhere in only the angio- 
sperms. The leaves of Ephedra are small and scale-like as 
in some conifers, but those of Gnetum and Welwitsehta are 
quite distinctive. The leaves of Gnetum have definite pet- 


iole and hlade regions, and netted venation like those of 
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typical dicotyledonous angiosperms. In Welwttschia only 
two leaves are produced by a plant, and these are large, 
pore iseehe structures with a continuously active basal 
meristem. 

Equally disturbing deviations from the coniferophyte 
concept are found in Ginkgo. The anatomical features of the 
stem and long shoots are like those of other coniferophytes, 
but the short shoots have a large pith, scanty wood, and 
| thick cortex like that of typical cycadophytes. In addition, 
the ovules of Ginkgo are not borne in a well defined 
strobilus. On the contrary, evidence from abnormal ovulate 
structures suggests that the seeds are borne on modified 
leaves (Fujii, 1896). The microgametophytes of Ginkgo 
produce ciliated sperm like those of extant cycads, rather 
than having pollen-tube carried sperm.as in conifers. 

Problems with the coniferophyte-cycadophyte separation 
of gymnosperms are also apparent among fossil plants. 

Pittus, a Lower Carboniferous arborescent form with conifer- 
ophyte-type wood, was once thought to represent the oldest 
known coniferophyte (Arnold, 1948). More recently, however, 
this plant has been found to represent a pteridosperm with 
highly dissected leaves and reproductive organs like those 
of the Calamopityaceae and Lyginopteridaceae (Long, 1963). 
Consequently, by using evidence arising from both living 
and fossil forms it has become increasingly difficult to 
clearly distinguish between coniferophyte and cycadophyte 


plants SPainMlight WF this uncertainty, the significance of 
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the Callistophytaceae can be more easily interpreted. 

From a purely speculative point of view it would seem 
more logical that the gymnosperms evolved from a single 
pregymnospermous complex (Scheckler and Banks, 1971), rather 
than from two or more unrelated lines (Beck, 1971). Such 
an interpretation eliminates the necessity for parallel or 
convergent evolution to account for the general similarity 
in structure and function of the gymnospermous reproductive 
parts. This interpretation also accounts for the nearly 
Simultaneous appearance in the Upper Devonian and lowermost 
Lower Carboniferous of what are now seine to be 
separate gymnospermous lines (Arnold, 1948). From this 
hypothetical early seed-plant complex one would expect to 
find evidence of rapid adaptive radiation producing 
numerous groups of seed plants that exhibit a multitude of 
possible character combinations. Examination of the 
characteristics of the presently known groups of upper 
Paleozoic and Mesozoic seed plants (t.e. Pityaceae, Long, 
1963; Calamopityaceae, Lyginopteridaceae, Medullosaceae, 
Seward, 1917; Callistophytaceae, Stidd and Hall, 1970b; 
Cordaitaceae, Lebachiaceae, Voltziaceae, Florin, 1951; 
Caytoniaceae, Thomas, 1925; Corystospermaceae, Thomas, 
1933; Peltaspermaceae, Harris, 1932; Pentoxylaceae, Sahni, 
1948; Cycadeoidaceae, Williamsoniaceae, Wielandiellaceae, 
Sporne, 1965; Cycadaceae, Chamberlain, 1935) indicates that 
a large number of possible gymnospermous character combin- 


ations are indeed present in fossil representatives. With 
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respect to these considerations, Callistophyton may be 
interpreted as representing one combination of gymno- 
spermous characters that has no recognisable descendants 
among the extant flora. 

If, on the other hand, seed ferns are interpreted as 
the precursors of several more recent and advanced groups 
(e.g. angiosperms), then characters such as fern-like 
foliage and leaf-borne reproductive organs may be considered 
primitive. If so, then the Callistophytaceae can also be 
interpreted as related to the Cordaitales and Coniferales. 
The structure of the ovules, pollen organs and pollen is 
evidence of this relationship. The primitive Calltstophyton 
vegetative structures can be interpreted as reflecting the 
structure of cordaite and conifer ancestors. Indeed, the 
anatomy of the stems of some species of Cordattes and 
Mesoxylon do approach that found in pteridosperms such as 
Sechopftastrum and Callistophyton (Delevoryas and Morgan, 
1954; Rothwell and Taylor, 1972; Scott, 1923). Even the 
large, entire-margined and strap-shaped leaves of Cordaites 
are not too far removed from the foliage of Calltstophyton. 
This is evidenced by the occurrence of a gradation from 
highly dissected leaves (as in Callistophyton) to entire- 
margined and strap-shaped leaves (as in Cordaites) within 
the extant fern family Polypodiaceae. The simple, entire- 
margined leaves found at the base of buds and branches in 


Callistophyton may even foreshadow a tendency toward such a 


structure of the leaves. 
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The significance of the structures assignable to the 
Callistophytaceae are indeed puzzling. The numerous 
possible interpretations are unfortunately weakened by the 
absence of more precise and complete evidence of the earliest 
seed plants. The implications of the evidence provided by 
Calltstophyton as it relates to currently accepted inter- 
pretations of gymnosperm phylogeny is much too obvious to 
be overlooked. From this evidence it is clear that one can 
no longer assume, a prtort, the separation of gymnosperms 
into two distinct groups - coniferophytes and cycadophytes. 
The characteristics of the Callistophytaceae serve only to 
emphasize the fact that no clear cut distinction can be 
made between Cycadophytes and Coniferophytes at relatively 


early stages in gymnosperm evolution. 
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Figs. 1 - 9. Transverse sections of stems, petioles and 
roots to illustrate their general features for 
comparison Of specimens from different local- 
ities. (lt=leaf trace, p=pith, pd=periderm, 
sx-secondary xylem). 


Fig. 1 - 3. Caviltetephyton porozylotde.. 


Fig. 1. Stem cross section at internodal level. 
C.B. 5,821 top Atl (GCP -=B2).. 


Fig. 2. Large root specimen. Arrows indicate proto- 
xylem.) Ce8 sy ou G4) top. #4 X 6(CP-B-8). 


Fig. 3. Petiole near base. Note secondary xylem. 
C.B. 5,821 top A #10 X 12(CP-B-9); 


Fig. 4 - 9. Calltetophyton boyssetet. 


Fig. 4. Petiole near base. Compare with Fig. 3. 
C.B. 3,259" C1 bOC. 47105 412 Cbes—1 


Fig. 5. .Stemat--similar level sto. Pig. soCeo eee 
H bot bi. #26 X GiGeB=S=—2). 


Fig. 6. Mature root for, comparison with Fig. 2. 
Arrows indicate protoxylem. C.B. 289 A bot. 
#77 X 10(CB-S-3). 


Fig. 7... Stem at level similar. towthat oLtetiqusl anion 
Arrow indicates cortical appendage. 
(previously designated as Calamopttys kansanum). 
~ #1454 X 14(CB-W-4). 


Fig. 8. Stem at level ‘similar tolfi¢..1, 92; ana. 
(previously designated as Poroxylon edwardsit). 
#1,430 X 6(CB-A-5). 


Fig. 9. Mature root for comparison with Fig. 2 and 6. 
Arrows indicate the position of the proto- 
xylem strands. (originally designated as 
Poroxzylon root).  F1l,428 X 27 (CB=A—6),. 
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Figs. 10 - 18. Transverse sections of young stems, mature 


Fig. 


Pag. 


Pig. 


Fig. 


Fig. 


Pras 


Fig. 


branching stems, and petioles. (br=branch, 
bu=bud, l=leaf, lt=leaf trace, p=pith, pc= 

procambium, sc=secretory cavity, sx=second- 
ary xylem). 


12° Callistophy ton. poroxylozdes. 
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Large stem at nodal level. Note the position 
of the departing leaf, subsequent leaf trace 
and axillary bud.) CoB. ah, 2212 te bore 3255.6 
(CP-B-1). 


Immature stem; section from near apical bud. 
#687 X 14(CP-B-6). 


Immature petiole. Compare with Fig. 3, 4, 
15 and 16. #2,224 XK 14(CP-B-7). 


Calltstophyton boyssetit. 


Young stem. Compare with Fig. 11 and 18. 
(originally designated as Poroxylon boyssetit). 
Photograph taken from Renault, 1879b (Plate 
VSG. oie 


Large stem at nodal level. Compare with Fig. 
10. (originally designated as Poroxylon). 
#2,964 X 6(CP-A-7). 


Petiole with secondary xylem. Compare with 
Fig. 3, 4, 12,°and 16. (ortqumaily Gesronaee, 
as Poroxylon boyssetit). Photograph taken 
from Renault, 1s79b’(Plate 137, Big. tho. 


Large petiole with no secondary xylem. 
Compare: With Fig, 93, 47 (12, andy 05). "0. 0s see 
#4,007 D bot #1 X 12) (CBE-S=8) . 


Large stem at nodal level. Compare with Fig. 
10) and 14% ClBs. 43; 521NG top #0874 16( Chaco). 


Young stem. ‘Compare with Pig. il and 413, 
C.B si siyoed AyDOLr ane Lie 8 (CB=S-iO a. 
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- Callistophyton poroxylotdes. (pa=parenchyma, 


pr=protoxylem, sc=secretory cavity, vb= 
vascular bundle). 


Transverse sections of stems with increasing 
amounts of secondary development. Note the 
increase in secondary xylem thickness, the 
decrease in cortex thickness, and the 
increasing periderm thickness from #19 to 
#23. 


C.B. 1,160D(1) bot #41976 (CP-e-a) 
C.B. 5,821. Op A $1552eGtCr=e-4) 
C.B. 5,821 top A #10 X 6(CP-B-3) 
C.B. 5,821 atop A $155k) 6(CP=B=2) 
C.B. 5,821 top A #2 X 6(CP-B-1) 


Transverse section of sclerenchymatous 
cortex with cortical appendages of C. 
poroxylotdes {capitate glands) .* ¢.B. ji, 221G 
bot #2 X 54(CP-B-2). 


Smaller cortical appendage of the type shown 
iniifig. (24. CeBbe 5 B21 topsAyese. 1c 


Transverse section of stem showing secretory 
cavity in pith, and primary vascular bundles 


at the margin of the secondary xylem. C.B. 
132A, top 45 X 48(CP-D-5). 


Transverse stem section illustrating mesarch 
primary bundle. Note the disposition of the 
protoxylem and centrally located parenchyma- 
tous istrand., (C28. (5 82 bot a aa 
(CP-B-2). 
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Figs. 28 - 35. Callistophyton boyssetit. (br=branch, bu=bud, 
l=leaf, r=root, s=stem. 


Fig. 28 - 33. Transverse sections of stems representing a 
developmental sequence. Specimens previously 
described as Calamopttys kansanum (Fig. 30) 
and Poroxyton (Fig. 31,32)) are aneluded,: to 
illustrate that differences are due to 
unequal amounts of secondary development. 


Fig. 28. C.B.. 3,521C top a #23336 (ee-c-20) 

Fig. 29. °C.B. 5,754R top a #5 Xeo(Ce-sea) 

Fig..30. #1,454 (CB-W=4) 

Fig. 31. ‘$1,431 %.6{¢B=-A-5) 

Fig. W325, #L, 421: X 60GB -A-12) 

Fig. 33. .C.B. 3,987C bots x Vo(Ce=s— a3) 

Fig. 34. Transverse section of specimen with large 
axillary branch and short internodes. Note 
that the stem and branch have not yet 
separated, and that the branch has produced 


a leaf andvaxillary bud. -C.By 5557 1C elope 
#52 X 6(CB-S-9). 


Fig. 35. Transverse section at nodal region showing 
petiole, axillary bud, and large branching 
root mass. C.B. 4,040K(1) bot #15 X 6 
(CB-S-14). 
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Figs. 36 - 43. Callistophyton boyssettt. (pa=parenchyma, 
pe=primary cortex, pd=periderm, pr=proto- 
xylem, px=primary xylem, sc=secretory cavity, 
scl=sclerenchymatous cortex, sph=secondary 
phloem, sx=secondary xylem, vc=vascular 
cambium). 


Fig. 36. Transverse section of sclerenchymatous cortex 
with secretory cavity and spine-like cortical 
appendage. C.B. 5,754N bot a #4 X 54(CB-S-11). 


Fig. 37. Transverse section of dividing primary bundle. 
C.B. 5,754F top b $23 x b35t@ees-2). 


Fig. 38. Transverse section of primary bundle showing 
exarch structure. Note position of parench- 
yna strand and protoxylems C.B sw 5,756 (cae 
Db 423) XS a eB=S—2 i, 


Fig. 39. Transverse section of double leaf trace. 
Note the two protoxylem strands in each part 
of trace. #1,636(CB-A-5). 


Fig. 40 - 43. Transverse sections of stems showing features 
at varying developmental stages. Fig. 40 
shows first formed secondary tracheids and 
the position of phellogen differentiation 
(at arrows). Fig. 41 illustrates specimen 
with secondary phloem, periderm and separated 
sclerenchymatous cortex. In Fig. 42 scleren- 
chymatous cortex is absent, and in Fig. 43 
thick-walled, sclereids are present in 
the secondary phloem, parenchymatous cortex 
and periderm. 


Fig. 40. (Cebu 372596 botegio x7 7(CE-S—2) 
Fig. 41. (C.B. 5,7541 top > pls) CO Chesca) 
Fig. 42. ‘CcB. 5, 754E stop. bet24 7x Oth =o) 
Fig. 43. C.B. 3,987D top. look S2(Ce-=S—03).. 
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Figs. 44 - 49. Transverse sections of stems showing 
disposition of primary xylem bundles. Figs, 
44 - 47 at comparable levels to indicate 
Similarity of specimens from different 
localities. Arrows indicate primary xylem 
bundles. Arrows with touching bases signify 
double stranded leaf-traces. 


Fig. 44. \Calltsetophy ton porosyloides. © .B. ot) 22 ie 
#13 X 20(CP-B-2). 


Fig. :45,="49.. Callvetophytom Deysserr. ce 


Fig. 45. (previously designated as Poroxyton) #1,636 
x 20 (CB-A-5)% 


Fig. 46. (previously-designated as Calamopttys 
kansanum) #1,454 X 20(CB-W-4). 


Fig. 47. C.B. 5,754F bot b #14 X/20(CB-S-2). 


Fig. 48. Sectnon slightly “distal, to fig 247] eomas 
points indicate tracheids to the 
axillary bud and adventitious roots. Large 
arrows indicate bundles that divide to 
produce xylem to the axillary appendages. 
C.B. 5,7540 ‘bot bDig25"x (20 (CB -SeZ).. 


Fig. 49. Section slightly distal to Fig. 43 at Lever 
of axillary bud divergence. Note the 
inconspicuous nature of the primary xylem 
bundles (arrows) at this level. C.B. 5,7541 
top b #21 X 20(CB-S-2). 
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Callistophyton poroxylotdes. Anatomical 
features of the stem. (ca=cambium, pa= 
phloem parenchyma, pe=periderm, ph=phloem, 
sc=sieve cell, x=xylem). 


Radial section of secondary wood. 1,221A(2) 
edge #3 X 54(CP-B-2). 


Transverse section of secondary xylem. 
C.B. £32 B bote#1l6 xX S4{cr-b-1)5 


Longitudinal section of primary xylem 
showing wall thickening patterns. C.B. 
1,22la(9) edge #3 X 210(CP-B-2). 


Radial section of secondary phloem (at left) 
and periderm (at right). Note the resin 
canal-like structures in both zones. C.B. 
1,221d,(1) edge #5 X 54(CP-B-1). 


Radial section of secondary xylem showing 
pitting of tracheid (at right) “and slarce, 
oblique, simple pits on ray parenchyma cells 
(at) ricght)in ee. 1,221A(9) edge #3 X 210 
(CP-B-1). 


Transverse section showing features of the 
secondary phloem, vascular cambium, and 
secondary xylem. .C.B.. 132 Babee, 7.6 x 54 
(CP-D-5). 


Tangential section of secondary xylem. 
C.B. 1,221D(1) edge #14 X 54(CP-B-2). 
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Figs. 


a 


Fag} 


Bigs 


Fig. 


Pig. 


Fig. 


1gh he i 


Fig. 


Fig < 


Fig. 


Gor 


Dike 


53°. 


60n 


6l. 


62. 


63. 


64. 


65". 


Callistophyton boyssettt. Anatomical features 
of stems from North American deposits. (ca= 
cambium, pa=phloem parenchyma, pe=periderm, 
ph=phloem, sc=sieve cell, x=xylem). 


Radial section of secondary xylem with pith 
atcfar Léft.. ‘CsBs 37 987Crszdesyii x54 


Transverse section of secondary xylem. 
C.B. 3,987C bot $47 X54{Ce-S—-13) 


Radial section of primary bundle; protoxylem 
at center and metaxylem at right. C.B. 
3,554A side #43 X 420(CB-S-15). 


Tangential section of secondary xylem. 
C.B; 3,987C side #1 xX. 54(CB-S—23).. 


Tangential section of secondary xylem in 
region immediately above an axillary bud. 
C.B. 4,123D toprgys X 54(CB-5-16). 


Radial section showing large, oblique, simple 
pits on ray parenchyma cell walls. C.B. 
3,987C side #L1 xX 540 (CB-S-13)% 


Transverse section showing inner cortex (at 
top), secondary phloem, vascular cambium, 
and secondary xylem. C.B. 5,754E top b #24 
X 67(CB-S-2). 


Radial section of secondary tracheids show- 
ing pitting pattern. Note crossed, slit- 
like apertures. C.B. 3,987C side #16 X 540 
(CB-S~-13). 


Radial section of secondary phloem (at left) 
and. ‘periderm ‘(at right)’. C.Bo93,96/C ‘side 
#5 X 54(CB-S-13). 
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Figs: 
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Callistophyton boyssetit. - Anatomical features 
of stems from France (previously designated 

as Poroxylon) for comparison 

North American specimens. (pa=phloem 
parenchyma, pe=periderm, ph=phloem, sc=sieve 
Gelle)y. 


Radial section of secondary xylem. Compare 
with Fig: 50; 57. $2,965 x S4(CeeA-17. 


Transverse section of secondary xylem. 
Compare with Fig..515,358. #1,636°X 54(CB-aA-a ge 


Longitudinal section of primary bundle. 
Compare to Fig. 52, 59.) @i,4s2) 4 400(Ch-a— 
13),. 


Tangential section of secondary xylem. | 
Compare with Fig. 56, 60. #1,423 X 100(CB-A- 
Loy 


Radial section of secondary wood. Note that 
poorly preserved pits appear as hexagonal 
meshwork. Compare with Fig. 54, 64. #2,965 
(CB-A-17). 


Cross section of secondary phloem. Compare 
disposition of cells with fig.5o,) os. 
#2,964(CB-A-7). 


Radial section of secondary phloem (at left) 
and periderm (at right). Compare with Fig. 65. 
#2,965 X 54(CB-A-17). 
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Calltstophyton foliage.) 21g.) )o,7 77 ence 

= Cy poroxylotdés. | Pigs, 14 ogee ue 
82 and 83 = C. boyssettt. (hb=hair base, ph= 
phloem, s=sclerenchyma, sc=secretory cavity, 
t=trace, vb=vascular bundle). 


Transverse section near base of small petiole. 
C.B, 908E topi#26.X% 12(e8es—20):. 


Transverse section near base of large petiole. 
Compare:>to Fig. 73. “GBs 50,9638 top. y sig 
12(CB-S-21). 


Section view of pinnule with lamina attached 
to one side of midvein, and homogeneous, 
tightly~packedi mesophyll. C.B.)57,52) top ® 
#12 X 27(CP-B-10). | 


Petiole near the point of dichotomy. Note 
two equal sized traces and dividing cortex. 
C.B. 908B botear0s xX. 12(CB=S—-22)., 


Section view of pinnule lamina in the area 
of a vein. Note the secretory cavity and 
palisade mesophyll (at arrow). -C.B. 5,821B 
top #15 K 42(CP-B-10). 


Transverse section of pinnule showing lamina 
attached to both sides of midvein. C.B. 
908C top £f #22 X 12(CB-S-23). 


Pinnule lamina with spaces between mesophyll 
cells and well preserved epidermis. C.B. 
2,/46D(3)i Side #17_X 100(CB-W-24) . 


Pinnule lamina with tightly packed, homo- 
geneous mesophyll. Note dark cells around 
veins. C.B. 5,754A bot. £ #10ux 2 0stCE-S=25 77 


Broken pieces of pinnule with sclerenchyma 
ad- and abaxial to the veins, and spaces 
between mesophyll cells. C.B. 4,127F bot 
#113 X 42(CP-B-11l). 


Leaf trace bundles in cortex of stem. Note 
phloem on abaxial surface only. C.B. 5,754M 
bot p #141 X 54(CB-S-26). 


Transverse section of petiole with primary 
pinnae trace diverging at left. C.B. 908E 
top #46 X 54(CB-S-20). 
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Figs: 


84 - 89. 
Fig. 84; 
Fig.) oo 
Big .286 < 
EPAg coo 
Hid. G0. 
Fig. 89. 


Callistophyton boyssettt foliage. (e=epider- 
mis, pp=primary pinnae, r=rachis, sc=secret=- 
ory cavity, sp=Ssecondary pinnae). 


Isolated crosier showing several orders of 
pinnae. Note glandular cavities. C.B. 327E 
top #11 X 12(CB=-S=-27). 


Paradermal section of pinnule fragment. 
Note’ lobed margin, aturignt. 7 c.5. 2,746D (4) 
Side #18 X 13(CB-W-24). 


Paradermal section of pinnule fragment show- 
ing venation features. Lateral diverges 
from midvein (at arrow) and dichotomizes 4 
times toward margin. C.B. 2,746D, 1) side 
#31.X 18 (CB-W-24). 


Paradermal section of pinnule with tightly 
packed, homogeneous mesophyll parenchyma. 
CeB.'5,754A DOG ee fb2 x el0s(Cb-s-25)), 


Paradermal section of pinnule fragment with 
tightly packed mesophyll near the adaxial 
surface, and weakly developed plates of 
mesophyll (at arrow) separated by lacunae 
toward abaxial surface. C.B. 2,746D (4) side 
#26 X 54(CB-W-24). 


Surface view of pinnule epidermis. Note the 
arrangement of cells opposite veins, and the 
random orientation of cells between the veins. 
C.B. 2,746D(1) side #31 X 170(CB- W-24). 
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Figs. 


eB UNS He 14 


Callistophyton boyssetitt. Serial transverse 
sections from near the base (Fig. 90) to 
above the apical meristem (Fig. 95) of an 
axillary bud. The leaves are numbered in 
the order of their divergence (from bottom 
to top). Note that leaves 1 - 5 are entire 
margined and envelope the bud, while leaf 6 
shows evidence of primary pinnae (Fig. 93 

at arrows). 


Figures 920 - 95. C.Bi3,2596 bot, #13¢,501. 4 
#99, #96, #82, and #74 respectively. 


All Figs. X 16(CB-S-1l). 


on 


ate 


wi aveerere wy A i) ut ‘i bi ett i aba i! i ne me, il ery 
- i ny wetin 4" ri | 2 a } en res Oa pent hha 


é 


“4 i i } i , WV eI i A ¥ ug 
LN ‘ i" Th he ee eth nih, Dey rite i y 
1 UO hea Oot ick a a 
( ANE iyi gS the Tver ake 4 PA Asie LC 
{ ee ae a OLN res Pa | ; en 
P \ 1) Wea Ti re Tah a Glee ca of 
t » i at he iat a) Lh i) ny ; 4 
Y : i pie Rela ay 


; Hy 
i 
i 
N fh 
i an 
hil 
Ae 
{> 
Din ‘diel 
' A, sy 
i, "| 
\ 
pee. 
ey f 
= aang” 
Wp 4 3 iy ‘Ai 
eo Nile wih dite 
y PT et i) eee 
j hy t hia i) , ii 


Oe > 
. i ae 


To 


oY a 7 
t. ph ee 
ge i es =” 


a 6 - 
ih ag ee 
ty be yD Ory ae 

} we 
PTs tag a ten ent: 


P y] 
Ve 3 


wN uu 
ty 4 a 


awe * 4 
' a ee 


ARR 


Figs. 96 - 104. 


Fig. 96 - 101. 


ELG. 


LOZ: 


Fig< lL03. 


Pig: 


104. 


Callistophyton poroxylotdes. Stem apex 
with immature leaves. (b=bud, l=leaf, mh= 
multicellular hairs, pp=primary pinnae, 
px=protoxylem, r=rachis, sp=secondary 
pinnae). 


Serial sections from below apical bud (Fig. 
96) to level above apical meristem (Fig. 
101). Note the divergence of five petiole 
bases, and dense covering of multicellular 
hairs. Compare immature leaf in Fig. 100- 
101 with isolated cresier an Fig. 84. 


Fig. 96 ~ 101 = #1763897 372,00 27 os 
#1,694, #1,691, #1,690 respectively. 


All Figs. X 12(CP-B-6). 


Transverse section at level of Fig. 96. 
Note protoxylem tracheids among procambial 
cells. #1,687 X 48(CP-B-6). 


Bud present in axil of leaf at left of Fig. 
98. First scale-like leaf has diverged at 
left. #1,699 233 (CP-b=6).. 


Scale-like leaves distal to apical meristem 
of bud in Fig. 103.) “1 7690(Ce=b<5 jy, 
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Figs. 105 - lll. Catlistophyton boyssetitt. (b=bud, 1t—leat 
trace, r=root, rt=root trace, s=stem). 


Pigs iO: Longitudinal section of nodal region show- 
ing the relative positions of the leaf 
trace, bud, and roots. Note that the leaf 
trace terminates in the stem cortex indic- 
ating earlier loss of the leaf. C.B. 
2,380A bot #4 X 10(CB-S=-28). 


Fig. 106 - 109. Transverse sections through nodal region 
showing (106) divergence of leaf trace 
from stele, (107) leat trace and axillary 
bud trace, (108) divergence of) root trace 
xylem, and (109) diverging root trace and 
diverging roots. 


Fig. 106 - 109 = C.B. 5,7548) top #87.R ry) 
bot. #56), R(1) top #59, R( 1) top #44 


respectively. 
All Figs. X 40(CB- S-10). 
FAG aLLes Transverse section of roots. Arrow 


indicates lateral root origin at protoxylem 
strand. C.B. 289 A bot #/5% Li(ce= s-27)2 


bn eo fag il Transverse section of small and relatively 
immature roots. Arrow indicates position 
of epidermis. C.B. 57/43G(i) topo a2 
30(CB-S-30). 
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